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The present invention relates to the cloning and sequencing of the cDNA molecules of three members of a gene family encoding 
three human fatty acid desaturases, fatty acid desaturase-i (FADS 1), fatty acid desaturase-2 (FADS2) and fatty acid desaturase-3 (FADS3). 
The invention also relates to diagnostic methods of screening for and detection of FADSl, FADS2, FADS3 and gene therapy utilizing 
recombinant DNA as well as the generation of animal models (knock-in, knock-out, transgenic animals), anti-FADSl, anti-FADS2 f 
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cDNA molecules of the members of gene family encoding human fatty acid 
desaturases and their use in diagnosis and therapy 

5 

Description 

Field of the invention 

The present invention relates to the cloning and sequencing of the cDNA 
molecules of three members of a gene family encoding three human fatty acid 

10 desaturases, fatty acid desaturase-1 (FADS1), fatty acid desaturase-2 (FADS2) 
and fatty acid desaturase-3 (FADS3). The invention also relates to diagnostic 
methods of screening for and detection of FADS1, FADS2, FADS3 and gene 
therapy utilizing recombinant DNA as well as the generation of animal models 
(knock-in, knock-out, transgenic animals), anti-FADS1, anti-FADS2, anti-FADS3 

15 antibodies and use in screenings for modulating drugs. 

Background of the Invention 

Cellular membranes are dynamic structures in which variable amounts of proteins 
are embedded in a lipid bilayer whose hydrophobic characteristics are largely due 

20 to fatty acid moieties of complex lipids (Singer and Nicolson 1 972). The 'fluidity' of 
the membranes are achieved by incorporating unsaturated fatty acyl chains of 
varying lengths and varying degrees of unsaturation into the lipids (Stubbs and 
Smith 1984). In animals, some of the unsaturated fatty acids need to be supplied 
by the diet ('essential polyunsaturated fatty acids') but, in part, can also be 

25 synthesized de novo by oxidative desaturation (i.e. formation of double bonds) of 
saturated fatty acids of plant and animal origin. Polyunsaturated fatty acid 
formation requires acetyl-CoA dependent chain elongation and desaturation. Most 
mammalian tissues can modify acyl chains by introducing more than one double 
bond with the first one generally at the A-9 position between carbons C-9 and C- 

30 10. Subsequent double bonds may then be inserted at the A-4, A-5, and A-6 
positions by individual desaturase activities (Cook 1991). 

For the two major precursors of the (n-6) and (n-3) series of polyunsaturated fatty 
acids, linoleic 18:2(n-6) and alpha-linolenic 18:3(n-3) acids, animals depend 
35 entirely on their dietary intake. By alternating sequences of desaturation (involving 
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the subsequent action of A4, A5- and A6-desatu rases, respectively) and C2 chain 
elongation, linoleic and alpha-linolenic acids are utilized to form arachidonic acid, 
20:4(n-6), and the (n-3) acyl chains eicosapentaenoic acid, 20:5(n-3), and 
docosahexaenoic acid, 22:6(n-3), respectively (Cook 1991). 

5 

Linoleic and arachidonic acid are the only members of the (n-6) family that 
accumulate in large quantities in liver and most other animal tissues. The 
intermediates 18:3(n-6) and 20:3(n-6) are formed from 18:2(n-6) by A6- 
desaturation, chain elongation and A5-desaturation (Horrobin 1993). As a 
10 component of phospholipids arachidonic acid is abundant in cellular membranes 
but also serves as the primary precursor of oxygenated derivatives such as 
prostaglandine E2 which is pro-inflammatory and regulates cell function of the 
immune system. 

15 The (n-3) acyl chains eicosapentaenoic acid [20:5(n-3)J and docosahexaenoic acid 
[22:6(n-3)] are most abundant in cerebral cortex, retina, and spermatozoa. 
Although it is generally assumed that the liver is the major source of 22:6(n-3), it 
has been shown that docosahexaenoic acid can also be produced by retinal 
pigment epithelium (Wang and Anderson 1993) as well as brain astrocytes (Moore 

20 et al. 1991 , Delton-Vandenbrouke et al. 1997). In retinal rod outer segments, 
phospholipids may contain 40-60% of 22:6(n-3) which can markedly influence 
membrane fluidity due to the presence of six double bonds. 

In recent years there has been increasing interest in the role of polyunsaturated 
25 fatty acids in the pathobiology of a number of chronic conditions such as coronary 
and peripheral vascular disease (Horrobin 1995), acute and chronic inflammatory 
immune responses (Calder 1998, Fan and Chapkin 1998, Grimble and Tappia 
1998), cutaneous abnormalities (Horrobin 1989, Grattan et at. 1990), essential 
hypertension (Russo et al. 1997, Chi and Gupta 1998), diabetes mellitus (Mori et 
30 al. 1997), asthma (Leichsenring et al. 1995, Villani et al. 1998, Hodge et al. 1998) 
and rheumatoid arthritis (James and Cleland 1997, Ariza-Ariza et al. 1998, 
Grimble and Tappia 1998). A particular role has been attributed to gamma- 
linolenic acid [18:3(n-6)] as an anti-cancer polyunsaturated fatty acid. It has been 
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shown that 18:3(n-6) confers anticancer properties by a variety of mechanisms 
such as (i) up-reguiation of E-cadherin, a cell-cell adhesion molecule which acts as 
a suppressor of metastasis (Jiang et al. 1995), (ii) regulation of desmosome- 
mediated cell-cell adhesion in human cancer cells (Jiang et al. 1997a), (iii) up- 
5 regulation of the metastasis-suppressor gene nm-23 thus contributing to the 
inhibition of the in vitro invasion of tumor cells (Jiang et al. 1998a), (iv) up- 
regulation of maspin expression, a mammary serine protease inhibitor, with 
profound effects on motility of cancer cells (Jiang et al. 1997b) and (v) finally 
inhibition of cell cycle progression via regulation of phosphorylation and 
10 subsequent degradation of cell cycle inhibitors p27kip1 and p57kip2 (Jiang et al. 
1998b). 

To further understand lipid-related function in human health and disease additional 
research into fatty acid biosynthesis and metabolism is required. In particular, we 

1 5 need to understand the pharmacological properties, the mechanisms of action and 
the tissue-specific regulation of composition of the polyunsaturated fatty acids and 
their metabolites. This will provide additional insight into the role of the 
polyunsaturated fatty acids in various chronic disease states and will make it 
feasible to focus pharmacogenomic research on drug design and evaluation with 

20 the goal of ameliorating acute health problems associated with impaired lipid 
function. As a prerequisite, the genes and their gene products involved in the 
above-mentioned processes need to be identified and characterized. 

It is the objective of the present invention to provide cDNA molecules of three 
25 novel members of the human membrane fatty acid desaturase gene family, termed 
FADS1 , FADS2 and FADS3. The three genes share a nucleic acid identity of 
approximately 50-60% and an amino acid identity of about 77% with each other. 
Similar to other membrane-bound desaturases from mammals, fungi, insects, 
plants and cyanobacteria FADS1 , FADS2 and FADS3 reveal a hydropathy profile 
30 typical of membrane-bound desaturases and share three regions of highly 

conserved primary sequence of the general histidine motif HX 2 <3)[XH]H (Shanklin 
et al. 1994). The histidine residues may act as metal-chelating ligands involved in 
the binding of oxygen in the reaction center (Shanklin et al. 1995). Together, these 
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features confirm FADS1, FADS2 and FADS3 as novel members of the desaturase 
family of fatty acyl chain-modifying enzymes. 

Amino acid identity of FADS1 , FADS2 and FADS3 to known desaturases (e.g. 
5 from Arabidopsis thaliana, Brassica napus, Synechocystis spec, Borago 
officinalis, Helianthus annuus, Saccharomyces cerevisiae and Caenorhabditis 
elegans) is restricted to the respective carboxy terminal regions (amino acid 
positions 260 to 422) revealing an overall sequence identity of approximately 27%. 
Interestingly, the respective amino-termini of the three novel proteins demonstrate 

10 similarities to cytochrome b5 (amino acid positions 4 to 75; Fig. 1). Cytochrome b5 
is a small hemoprotein and functions as an intermediate donor in a number of 
oxidation/reduction reactions including e.g. the NADH-dependent A9 stearoyl-CoA 
desaturation (Strittmatter et al. 1974) or the A5 desaturation in cholesterol 
biosynthesis (Reddy et al. 1977). From the amino acid alignments we conclude 

15 that FADS1 , FADS2 and FADS3 are fusion proteins consisting of a N-terminal 
cytochrome b5 and a C-terminal desaturase-like enzyme. From a functional point 
of view, this fusion of two activities may increase the efficiency of electron 
transport required for desaturation by covalently bringing together the presumed 
electron donor (cytochrome b5) and its putative acceptor (desaturase-like 

20 enzyme). Other heme fusion proteins containing the cytochrome b5 domain have 
been identified and represent a superfamily of fused proteins (Guiard and Lederer 
1979). Besides others this superfamily includes the yeast flavocytochrome b 2 , 
sulfite oxidase, nitrate reductase, the yeast A9 acyl-CoA desaturase and more 
recently the sunflower cytochrome b5-desaturase fusion protein (Sperling et al. 

25 1995). The three novel desaturase-like enzymes reported herein, FADS1, FADS2 
and FADS3, can be added to the growing list of members of this superfamily of 
fused proteins (Fig. 2). 

Summary of the invention 
30 The eukaryotic fatty acid desaturases represent a group of iron-containing 

enzymes that catalyze NAD(P)H- and 0 2 -dependent introduction of double bonds 
into fatty acyl chains. Impairment of desaturase activities has been implicated in a 
variety of human conditions including liver disease, coronary artery disease and 
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cancer. With the present invention we are providing three isolated human cDNA 
molecules that encode three novel members of a cytochrome-b5-containing fusion 
protein with similarity to plant and lower animal desaturase enzymes, termed fatty 
acid desaturase- 1 (FADS1) (represented by Fig. 3 and SEQ ID NO. 1), fatty acid 
5 desaturase-2 (FADS2) (represented by Fig. 4 and SEQ ID NO. 2) and fatty acid 
desaturase-3 (FADS3) (represented by Fig. 5 and SEQ ID NO. 3). 

FADS1 protein 

MAPDPVAAETAAQGPTPRYFTWDEVAQRSGCEERWLVIDRKWNISEFTRRHP 
10 GGSRVISHYAGQDATDPFVAFHINKGLVKKYMNSLLIGELSPEQPSFEPTKNKEL 
TDEFRELRATVERMGLMKANHVFFLLYLLHILLLDGAAWLTLVWFGTSFLPFLLCA 
VLLSAVQAQAGWLQHDFGHLSVFSTSKWNHLLHHFVIGHLKGAPASWWNHMHF 
QHHAKPNCFRKDPDINMHPFFFALGKILSVELGKQKKKYMPYNHQHKYFFLIGPP 
ALLPLYFQVWIFYFVIQRKKVVVDLAWMITFYVRFFLTYVPLLGLKAFLGLFFIVRFL 
15 ESNWFVVVWQMNHIPMHIDHDRNMDVWSTQLQATCNVHKSAFNDWFSGHLNF 
QIEHHLFPTMPRHNYHKVAPLVQSLCAKHGIEYQSKPLLSAFADIIHSLKESGQLW 
LDAYLHQ 

FADS2 protein 

20 MGKGGNQGEGAAEREVSVPTFSWEEIQKHNLRTDRWLVIDRKVYNITKWSIQHP 
GGQRVIGHYAGEDATDAFRAFHPDLEFVGKFLKPLLIGELAPEEPSQDHGKNSKI 
TEDFRALRKTAEDMNLFKTNHVFFLLLLAHIIALESIAWFTVFYFGNGWIPTLITAFV 
LATSQAQAGWLQHDYGHLSVYRKPKWNHLVHKFVIGHLKGASANVWVNHRHFQ 
HHAKPNIFHKDPDVNMLHVFVLGEWQPIEYGKKKLKYLPYNHQHEYFFLIGPPLLI 

25 PMYFQYQIIMTMIVHKNWVDLAWAVSYYIRFFITYIPFYGILGALLFLNFIRFLESHW 
FWvVTQMNHIVMEIDQEAYRDWFSSQLTATCNVEQSFFNDWFSGHLNFQIEHHL 
FPTMPRHNLHKIAPLVKSLCAKHGIEYQEKPLLRALLDIIRSLKKSGKLWLDAYLHK 

FADS3 protein 

30 MGGVGEPGPREGPAQPGAPLPTFCWEQIRAHDQPGDKWLVIERRVYDISRWA 
QRHPGGSRLIGHHGAEDATDAFRAFHQDLNFVRKFLQPLLIGELAPEEPSQDGP 
LNAQLVEDFRALHQAAEDMKLFDASPTFFAFLLGHILAMEVLAWLLIYLLGPGWV 
PSALAAFILAISQAQSWCLQHDLGHASIFKKSWWNHVAQKFVMGQLKGFSAHW 
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WNFRHFQHHAKPNIFHKDPDVTVAPVFLLGESSVEYGKKKRRYLPYNQQHLYFF 
LIGPPLLTLVNFEVENUVYMLVCMQWADLLWAASFYARFFLSYLPFYGVPGVLLF 
FVAVRVLESHWFVVWTQMNHIPKEIGHEKHRDWVS 

GHLNFQIEHHLFPRMPRHNYSRVAPLVKSLCAKHGLSYEVKPFLTALVDIVRSLK 
5 KSGDIWLDAYLHQ 

Studies to clarity the specificity and the subcellular location of these ubiquitiously 
expressed fusion proteins are in progress. Also, the detailed cellular functions and 
dysfunctions of the desaturase-like domains are being investigated in appropriate 

10 cellular and animal systems. This will address the question whether and to which 
extent these novel enzymes are involved in human disease. The invention 
encompasses the three cDNA molecules, FADS1, FADS2, and FADS3, the 
nucleotide sequence of these cDNAs, and the putative amino acid sequences of 
the FADS1 (represented by Fig. 6 and SEQ ID NO. 4), FADS2 (represented by 

15 Fig. 7 and SEQ ID NO. 5), and FADS3 represented by Fig. 8 and SEQ ID NO. 6) 
proteins. 

Also comprehended by this invention are oligonucleotide primers comprising the 
cDNA molecule or its complementary strand allowing the amplification of FADS1 

20 (represented by Fig. 9 and SEQ ID NOS. 7-12), FADS2 (represented by Fig. 9 and 
SEQ ID NOS. 13-18), and FADS3 (represented by Fig. 9 and SEQ ID NOS. 19- 
22), by the reverse transcriptase polymerase chain reaction (RT-PCR). Such 
primers are particularly useful and will provide researchers and physicians with an 
enhanced ability to assess the role of FADS1, FADS2, and FADS3 in human 

25 disease. The present invention also relates to methods of screening for and 
detection of FADS1 , FADS2, and FADS3 mutation carriers including prenatal 
FADS1, FADS2, and FADS3 screening and diagnosis. 

Having provided the isolated human FADS1, FADS2, and FADS3 cDNA 
30 sequences, also comprehended by this invention are the FADS1 , FADS2, and 
FADS3 proteins, and derivatives thereof, in aspects of diagnosis and treatment of 
human disease. Finally, the invention pertains to proteins which comprise the 
same or substantially the same amino acid sequence (at least 200 amino acids) as 
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that represented by Figs. 6, 7, 8 and SEQ ID NOS. 4, 5, 6 or a variant of the amino 
acid sequences having a deletion, addition or substitution of 1 to 10 amino acids, 
or its salt. 

5 Another aspect of the invention is the use of the FADS1 , FADS2, and FADS3 
proteins as a target for drug and gene therapy in the treatment of human disease. 
This includes the generation and utilization of FADS1 , FADS2, and FADS3- 
targeted animal models (knock-in, knock-out, transgenic animals) and anti-FADS1, 
-FADS2, and -FADS3 antibodies that specifically detect the FADS1, FADS2, and 
10 FADS3 proteins, respectively. 

The foregoing and other features and advantages of the invention will become 
more apparent from the following detailed description and accompanying 
drawings. 

15 

One aspect of the invention are the isolated cDNAs selected from the group 
consisting of: 

(a) a polynucleotide having at least a 65 % homology, preferably at least a 
80 % homology with a polynucleotide encoding a polypeptide selected 

20 from the group consisting of the polypeptides of SEQ ID NO: 4, SEQ ID 

NO: 5 and SEQ ID NO: 6; 

(b) a polynucleotide having at least a 65 % homology, preferably at least a 
80 % homology with a polynucleotide which by virtue of the redundancy 
of the genetic code, encodes the same polypeptide selected from the 

25 group consisting of the polypeptides of SEQ ID NO: 4, SEQ ID NO: 5 

and SEQ ID NO: 6; 

(c) a DNA molecule capable of hybridization under stringent conditions to a 
DNA molecule according to (a) or (b); 

(d) a polynucleotide which is complementary to the polynucleotide of (a), (b) 
30 or (c); and 

(e) a oligonucleotide comprising at least 15 consecutive nucleotides of the 
polynucleotide of (a), (b), (c) or (d) 
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(including DNAs which are synonymous to the DNAs of (a), (b), (c), (d) and 
(e) due to the degeneracy of the genetic code) 

especially isolated cDNAs selected from the group consisting of: 
5 (a) a polynucleotide having at least a 65 % homology, preferably at least a 

80 % homology with a polynucleotide sequence selected from the group 
consisting of the polynucleotides of SEQ ID NO: 1, SEQ ID NO: 2 and 
SEQ ID NO: 3; 

(b) a DNA molecule capable of hybridization under stringent conditions to a 
1 0 DNA molecule according to (a); 

(c) a polynucleotide which is complementary to the polynucleotide of (a) or 

(b); 

(d) a oligonucleotide comprising at least 15 consecutive nucleotides of the 
polynucleotide of (a), (b) or (c); and 

15 (e) a DNA which is synonymous to the DNAs of (a), (b), (c) or (d) due to the 

degeneracy of the genetic code. 

In the scope of the invention are polynucleotides having a polynucleotide encoding 
a polypeptide selected from the group consisting of the polypeptides of SEQ ID 
20 NO: 1 , SEQ ID NO: 2 and SEQ ID NO: 3 and polynucleotides having a 

polynucleotide sequence selected from the group consisting of the polynucleotides 
of SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, but DNAs comprising a 
nucleotide sequence with at least a 65 % homology with these nucleotide 
sequences is also within the scope of the invention. 

25 

Furthermore within the scope of the invention are: 

A recombinant vector comprising the disclosed DNA molecules. 

30 Transgenic host cells such as COS7, fibroblast cell lines or any other tissue- 
specific cell lines, as well as a transgenetic host cell tranformed by the DNA or the 
vector, a corresponding transgenetic organism or a corresponding transgenetic 
knock-in or knock-out animal model. 
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Polypeptides and corresponding proteins comprising at least 65 %, preferably 85 
%, especially 100 % of a polypeptide sequence selected from the group consisting 
of the polypeptides of SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3; 
polypeptides comprising a polypeptide sequence with at least a 65 % homology 
5 with the said polypeptides; peptides comprising at least 15, preferably 30, 

especially 60 consecutive amino acids of the said polypeptides; and polypeptides 
having substantially the same amino acid sequence as the said polypeptides, or 
having a variant of the amino acid sequence of the polypeptides with a deletion, 
addition or substitution of 1 to 10 amino acids. The salts of the peptides and 
10 proteins are also within the scope of the invention. 

A process for preparing the proteins which comprises cultivating the transformants 
to form the proteins. 

15 A method of screening for modulators in well known assays using constructs such 
as FADS1, FADS2, and FADS3 promoter luciferase or green fluorescent protein 
hybrids or screening for interacting proteins or factors using state of the art 
technologies like the interaction trap technology to screen for interacting 
substances of FADS1 , FADS2, and FADS3 or isolated domains of FADS1 , 

20 FADS2, and FADS3. 

A method of screening chemical libraries comprising transformed cell lines 

A compound which alters / reacts with at least one epitope of the proteins and 
25 which is obtained by screening methods utilizing the FADS1, FADS2, and FADS 3 
cDNAs or protein molecules. 

Use of antibodies against the FADS1 , FADS2, and FADS3 proteins for diagnostic 
or therapeutic purposes. 

30 

A pharmaceutical composition comprising as an effective component of the 
proteins or a partial peptide of the proteins, and a pharmaceutical^ acceptable 
carrier or diluent. 
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The term "knock-out animal 1 ' as used herein is intended to describe an animal 
containing a gene which has been modified by homologous recombination. The 
homologous recombination event may completely disrupt the gene such that a 
functional gene product can no longer be produced (hence the name "knock-out") 
5 or the homologous recombination event may modify the gene such that an altered, 
although still functional, gene product is produced. 

The term "knock-in" as used herein is intended to describe a variation of gene 
targeting that uses homologous recombination but allows expression of added 
10 genetic sequences in place of the endogenous gene. This approach allows the 
test of more subtle mutations than is allowed by a simple knock-out. 

The term "epitope" describes a region on a macromolecule which is recognized by 
an antibody. Frequently it is in a short region of primary sequence in a protein and 
15 it is generally about 5 to 12 amino acids long (the size of the antigen binding site 
on an antibody). Carbohydrates, nucleic acids and other macromolecules may be 
antigens and have epitopes. 

20 Detailed Description of the Invention 
Materials and Methods 

Isolation of the FADS1 and FADS2 cDNAs 

25 cDNA fragments corresponding to FADS1 and FADS2 were identified by direct 
cDNA selection. The cDNA selection was performed essentially as described 
(Rommens et al. 1993) with only minor modifications. Briefly, total RNA was 
prepared from human retina and from established human retinal pigment 
epithelium cell line ARPE-19 (Dunn et al. 1996). Prior to the use as templates for 

30 cDNA synthesis the isolated RIMAs were separated on a 1 .2% agarose gel in the 
presence of 3-(N-morpholino)propanesulfonic acid (MOPS) and formaldehyde to 
check their integrity (Sambrook et al., 1989). 
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RNAs were reverse transcribed using the SUPERSCRIPT™ preamplification 
system for first strand cDNA synthesis (Gibco, BRL) and the RXGT i2 
oligonucleotide primer (5'-CGG AAT TCT CGA GAT CTT TTTTTTTTT TT-3'). 
After poly(A)-tailing with terminal transferase (United States Biochemical, USB), a 
5 cDNA pool was generated by RXGTi 2 -primed PCR at 94°C for 1 min; 2 cycles of 
94°C. 30 sec; 37°C, 1 min, 72°C. 2 min followed by 22 cycles of 94°C, 30 sec; 
58°C, 30 sec and 72°C, 2 min. Prior to hybridization the cDNA pools were pre- 
annealed to C 0 t-1 DNA (Gibco, BRL) enriched with sonicated LINE1 sequences. 

10 Genomic PAC clones for cDNA selection were derived from 1 1q12-q13.1 , a region 
known to contain the gene underlying Best's vitelliform macular dystrophy (Stohr 
et al. 1998). The assembly and orientation of the clones have been described 
previously (Cooper et al. 1997). Inserts from PAC clones dJ465G21 and 
dJ139E20 (-1 ^g) were isolated by Notl digestion, purified using QIAEXII agarose 

15 gel extraction beads (Qiagen) and immobilized on Hybond-N+ membrane filters 
with an average concentration of 60 ng/mm 2 . The insert filters were subjected to 
two consecutive rounds of hybridization with a starting mixture of 20 ng of retina 
and ARPE-19 derived cDNAs. Hybridization time was four days at 58°C in Church 
hybridization buffer (Church and Gilbert 1984). Filters were washed three times in 

20 2 x SSC/0.1% SDS at room temperature, once each in 0.5 x SSC/0.1% SDS, 0.2 x 
SSC/0.1% SDS and 0.2 x SSC/0.05% SDS (all at 58°C). A final wash was in 2 x 
SSC. cDNAs were eluted in distilled H 2 0 by incubating for 10 min at 98°C and 
reamplified by PCR using the RXGT12 oligonucleotide primer. Four ng of the 
reamplified cDNAs were used for a second round of hybridization. After two 

25 rounds of selection the cDNAs were amplified using the RXGT 12 oligonucleotide 
primer, digested with EcoRI and cloned into the EcoRI site of pBluescript 
(Stratagene). 

The selected cDNAs represent segments of the 3-untranslated region (3'-UTR) of 
30 FADS1 (clone IVC4 at FADS1 nucleotide position 3793-4204; clone IVB7 at 

nucleotide position 3132-3609; clone VIIC6 at nucleotide position 2077-2317) (Fig. 
3) and of the 3' UTR/coding sequence of FADS2 (clone IVB8 at FADS2 nucleotide 
position 2626-3009; clone TUK8-4B at nucleotide position 753-1508) (Fig. 4). 
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Using the selected clone sequences extensive dbEST database searches were 
conducted and revealed a large number of additional overlapping expressed 
sequence tags (ESTs). More than 100 ESTs (e.g. zk09h08, EST177650, yb28c03, 
ym29b05, yx67h05) were assembled to an overlapping EST contig representing 
5 FADS1 . The assembled EST sequences contain an open reading frame (ORF) of 
1410 bp, with a first potential in-frame translation initiation codon, ATG, starting 79 
nucleotides downstream the most 5*end of EST clone zk09hOB.r1 (GenBank acc. 
no. AA029030) (Fig. 1a). A consensus polyadenylation signal, AAUAAA, was 
identified at nucleotide position 4.182. The mature protein predicted from the ORF 
10 consists of 444 amino acid residues resulting in a calculated molecular mass of 
52.0 kDa (Fig. 6). 

Another 30 overlapping ESTs (e.g. cp2485.seq, HSC2EA121, EST06759, 
ym42c04, nc08c05) were found facilitating the assembly of the FADS2 cDNA. The 

15 assembled EST sequences contain an open reading frame (ORF) of 1352 bp, with 
a first potential in-frame translation initiation codon, ATG, starting 21 nucleotides 
downstream the most 5'end of EST clone ub64e01 x1 (GenBank acc. no. 
AI036465) (Fig. 4). Consensus polyadenylation signals were predicted at 
nucleotide positions 2.996 and 4.056. The mature FADS2 protein predicted from 

20 the ORF consists of 444 amino acid residues resulting in a calculated molecular 
mass of 52.3 kDa (Fig. 7). Amino acid sequence identity between FADS1 and 
FADS2 is 62%. 

Isolation of the FADS3 cDNA 

25 Additional 30 human EST clones were available to assemble a third individual 
cDNA, termed FADS3 (e.g. zs84e06, zs84e05, nq23f05, ya49a19, zs86h09). The 
existence of a third member of the FADS family was confirmed by PCR mapping 
of FADS1-, FADS2- and FADS3-specific 3-UTR fragments revealing three distinct 
gene loci within a 1.4 Mb PAC contig in 11q12-q13.1 (Cooper et al., 1997). The 

30 assembled EST sequences contain an open reading frame (ORF) of 1468 bp, with 
a first potential in-frame translation initiation codon, ATG, starting 134 nucleotides 
downstream the most 5'end of EST clone qa99d06.s1 (GenBank acc. no. 
AI123992) (Fig. 5). The mature protein predicted from the ORF consists of 445 
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amino acid residues resulting in a calculated molecular mass of 51.2 kDa (Fig. 8). 
The 3'-UTR of the FADS3 cDNA is represented by several EST clones (e.g. 
zs86h09.s1, AA279632). A potential polyadenylation signal, AUUAAA, is present 
at cDNA nucleotide position 1.757 and may be functional as AUUAAA is the most 
5 common natural variant of the consensus polyadenylation signal AAUAAA (Fig. 5) 
(Sheets et al., 1990). 

Amino acid sequence identities between FADS1 and FADS3 as well as between 
FADS2 and FADS3 are 52% and 63%, respectively. All EST sequences in the 
1 0 dbEST databases could be aligned to one of the three cDNAs, FADS1 , FADS2, 
and FADS3. This suggests that there are no additional members of the FADS 
family in the human genome. 

Northern blot analysis 

1 5 Northern blot analysis was performed either with total RNA isolated using the 
guanidinium thiocyanate method (Chomczynski and Sacchi 1987) or with 
commercially available multiple tissue Northern (MTN) blots purchased from 
Clontech Laboratories Inc. (Palo Alto, CA). Each lane of the total RNA blot 
contained 12 p.g of total RNA from lung, cerebellum, uterus, retina, liver, heart, 

20 RPE cell line ARPE-1 9, RPE tissue, lymphocytes and was electrophoretically 
separated in the presence of formaldehyde. The MTN blots were prepared from 
poly(A) + RNA isolated from human heart, brain, placenta, lung, liver, skeletal 
muscle, kidney and pancreas. Inserts of clones IVC4, IVB7 (FADS1), IVB8 
(FADS2) and of the 362 bp PCR product F3/R (S'-ACAGCTTTCCCCCAATTCTC- 

25 375-GGCCTCAGCTACGAAGTGAAG-3') (FADS3) derived from the 3'-UTRs of 
the respective genes were used for filter hybridization at 65°C in 0.5 mM sodium 
phosphate buffer, pH 7.2; 7% SDS, 1 mM EDTA at 65°C (Church and Gilbert 
1984). 

30 The three genes are ubiquitiously expressed and appear to have similar 

expression levels in all tissues analyzed. FADS1 revealed a transcript size of 4.0 
kb while FADS2 revealed a similar sized transcript of 4.0 kb in addition to a 
smaller transcript of approximately 3.1 kb. The two FADS2 variants may be due to 
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differential usage of polyadenylation signals (see above). Finally, FADS3 is 
represented by two transcripts of 1 .75 kb and 1 .25 kb in size. While the former is 
in agreement with the usage of the variant polyadenylation signal identified at 
position 1 738 of the cDNA, the small size of the latter transcript can not be 
5 explained at present and it does not appear to be due to a differential usage of 
polyadenylation signals. Possibly, differential splicing and/or exon skipping may be 
involved in the generation of the variant transcript. However, there is no evidence 
from cDNA cloning or EST contig assembly to support this possibility. 

1 0 Comparison with other desaturases 

Local sequence alignments of the deduced amino acid sequences of FADS1 , 
FADS2, and FADS3 with known proteins or protein motifs were done using 
SwissProt (http://www.ncbi.nlm.nih.gov/cgi-bin/Blast/nph-blast? Jform=0) and the 
BLASTP and BEAUTY programs at Baylor College of Medicine 

15 (http://dot.imgen.bcm.tmc.edu:9331/seq-search/protein-search.html). Amino acid 
sequence alignments were performed using the CLUSTALW multiple alignment 
program at http://pbil.ibcp.fr/NPSA/npsa_clustalw.html. Phylogenetic tree 
assembly was done using the TREECON software Version 1 .3b available at 
http://bioc-www.uia.ac.be/u/yvdp/index.html. 

20 

Overall amino acid identities to known desaturases were found to be in the range 
of 22% - 27% (Fig. 1). Phylogenetic tree construction revealed a genetic 
relationship of FADS1, FADS2, and FADS3 to the A5-, A6- and A8-desaturases 
with some distance to the A9-desaturases (Fig. 2). From these analyses it 

25 becomes obvious that sequence identity by itself is not a predictor of a specific 
desaturase activity. For example, A5- and A6-desatu rases from C. elegans 
demonstrate a higher sequence identity to each other than to the A6-desaturases 
from other species. We therefore conclude that based on simple sequence 
comparisons it is not feasible to determine the specific functions of FADS1 , 

30 FADS2, and FADS3. This will be done by transgene expression of the three 
desaturases combined with gas chromatograpy-mass spectometry. 
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Hydropathy plots of FADS 1, FADS2, and FADS3 indicate two hydrophobic 
sequences predicted to represent transmembrane-spanning domains similar to 
other desaturases identified thus far (Fig. 1) (reviewed in Sperling et al. 1995). 

5 cDNA amplification of FADS1 , FADS2, and FADS3 

The coding sequences of the three genes are amplified in overlapping fragments 
by performing RT-PCR using oligonucleotide primer pairs derived from the 
respective cDNA sequences: 

10 (1) FADS1 (Fig. 9 and SEQ ID NOS. 7-12) 

Sense primer TU12-R5 (5XGCCTGACAGCCCCTGCT-3') at cDNA position 31- 
48 in combination with antisense primer TU12-F10 (5- 

CAGGTGGCCAATCACAAAAT-3') at cDNA position 671-690 results in a product 
of 660 bp; sense primer TU12-R7 (5'-CTCAAAGTGGAACCATCTGCTA-3') at 

15 cDNA position 645-666 in combination with antisense primer TU12-F9 (5- 
GGAAACCCAGTCCATGTTCC-3') at cDNA position 1 130-1149 results in a 
product of 505 bp; sense primer TU12-R6 (5'-CCTGGGCCTTTTCTTCATAGT-3') 
at cDNA position 1035-1055 in combination with antisense primer TU12-F5 (5- 
CTCAAGCTCCCCTCTGCCT-3") at cDNA position 1465-1483 results in a product 

20 of 449 bp. 

(2) FADS2 (Fig. 9 and SEQ ID NOS. 13-18) 

Sense primer TU13-R4 (5'-TCAGAAGCATAACCTGCGC-3') at cDNA position 98- 
116 in combination with antisense primer TU13-F7 (5 - 

25 CCAGTTCACCAATCAGCAGG-3') at cDNA position 284-303 results in a product 
of 206 bp; sense primer TU13-R3 (5'-CCCCTGCTGATTGGTGAACT-3') at cDNA 
position 282-301 in combination with antisense primer TU13-F4 (5'- 
TGTAGGGCAGGTATTTCAGC -3') at cDNA position 779-798 results in a product 
of 517 bp; sense primer TU13-R2 (5'-AGCCCATCGAGTACGGCAA-3') at cDNA 

30 position 754-772 in combination with antisense primer TU13-F1 (5'- 

CCTCAGAACAAAAGCCCATC-3') at cDNA position 1416-1435 results in a 
product of 682 bp. 
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(3) FADS3 (Fig. 9 and SEQ ID NOS. 19-22) 

Sense primer TU19-R2 (5'-TCTTGCTCGGACCTCGGC-3') at LLCDL3 cDNA 
position 81-98 in combination with antisense primer TU19-F2 (5'- 
GTGATCCACACGAACCAGTG-3') at cDNA position 1130-1 149 position results in 
5 a product of 1 069 bp; sense primer TU19-R3 (S'-GAAGAACCCAGCCAGGATG-S') 
at cDNA position 428-446 in combination with antisense primer TU19-F3 (5- 
ACAGCTTTCCCCCAATTCTC-3') at cDNA position 1709-1728 results in a product 
of 1301 bp. 

1 0 Short description of Figures 

Fig. 1 Comparison of putative amino acid sequences from FADS1, FADS2, 
FADS3, Borago officinalis, Helianthus annuus and human cytochrome b5. 
Arrowheads indicate eight invariant amino acid residues typical for the cytochrome 
b5 domain. Two potential transmembrane domains are boxed. Three histidine 

1 5 motifs HX 2 (3)[XH]H that are conserved within the desaturase family are hatched. 
Fig. 2 Phylogenetic tree of fatty acid desaturases. 

Fig. 3 (SEQ ID NO. 1) shows the nucleotide sequence of the FADS1 cDNA 
Fig. 4 (SEQ ID NO. 2) shows the nucleotide sequence of the FADS2 cDNA 
Fig. 5 (SEQ ID NO. 3) shows the nucleotide sequence of the FADS33 cDNA 
20 Fig. 6 (SEQ ID NO. 4) shows the putative amino acid sequence of the predicted 
FADS1 protein 

Fig. 7 (SEQ ID NO. 5) shows the putative amino acid sequence of the predicted 
FADS2 protein 

Fig. 8 (SEQ ID NO. 6) shows the putative amino acid sequence of the predicted 
25 FADS3 protein 

Fig. 9 (SEQ ID NOS. 7-22) shows the oligonucleotide PCR primers utilized to 
amplify the FADS1, FADS2, FADS3 cDNA, respectively. 
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3. A DNA comprising a nucleotide sequence with at least a 65 % homology 
with the nucleotide sequences as defined in claim 1 or 2. 



4. A recombinant vector comprising the DNA as claimed in any of claims 1 to 
5 3. 

5. A transgenic host cell comprising the DNA as claimed in any of claims 1 to 

3. 



10 6. A transgenetic host cell transformed by the DNA according to any of claims 
1 to 3 or the vector according to claim 4, a corresponding transgenetic 
organism or a corresponding transgenetic knock-in or knock-out animal 
model. 



15 7. A polypeptide comprising at least 65 % of a polypeptide sequence selected 
from the group consisting of the polypeptides of SEQ ID NO: 1 , SEQ ID NO: 
2 and SEQ ID NO: 3, or its salt. 



8. A polypeptide comprising a polypeptide sequence with at least a 85 % 
20 homology with the polypeptide sequence as claimed in claim 7, or its salt. 

9. A peptide comprising at least 15 consecutive amino acids of the polypeptide 
as claimed in claim 7, or its salt. 

25 1 0. A polypeptide having substantially the same amino acid sequence as the 
polypeptide as claimed in claim 7, or having a variant of the amino acid 
sequence of the polypeptide as claimed in claim 7 with a deletion, addition 
or substitution of 1 to 10 amino acids, or its salt. 



30 11. 



A process for producing a polypeptide comprising expressing from the host 
cell of claim 5 or 6 a polypeptide encoded by the DNA as claimed in any of 
claims 1 to 3. 
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Claims 

1 . An isolated cDNA molecule selected from the group consisting of: 

(a) a polynucleotide having at least a 65 % homology, preferably at least a 
5 80 % homology with a polynucleotide encoding a polypeptide selected 

from the group consisting of the polypeptides of SEQ ID NO: 4, SEQ ID 
NO: 5 and SEQ ID NO: 6; 

(b) a polynucleotide having at least a 65 % homology, preferably at least a 
80 % homology with a polynucleotide which by virtue of the redundancy 

10 of the genetic code, encodes the same polypeptide selected from the 

group consisting of the polypeptides of SEQ ID NO: 4, SEQ ID NO: 5 
and SEQ ID NO: 6; 

a DNA molecule capable of hybridization under stringent conditions to a 
DNA molecule according to (a) or (b); 
15 (c) a polynucleotide which is complementary to the polynucleotide of (a), (b) 

or (c); and 

(d) a oligonucleotide comprising at least 15 consecutive nucleotides of the 
polynucleotide of (a), (b), (c) or (d). 

20 2. An isolated cDNA molecule selected from the group consisting of: 

(a) a polynucleotide having at least a 65 % homology, preferably at least a 
80 % homology with a polynucleotide sequence selected from the group 
consisting of the polynucleotides of SEQ ID NO: 1, SEQ ID NO: 2 and 
SEQ ID NO: 3; 

25 (b) a DNA molecule capable of hybridization under stringent conditions to a 

DNA molecule according to (a); 

(c) a polynucleotide which is complementary to the polynucleotide of (a) or 

(b); 

(d) a oligonucleotide comprising at least 15 consecutive nucleotides of the 
30 polynucleotide of (a), (b) or (c); and 

(e) a DNA which is synonymous to the DNAs of (a), (b) } (c) or (d) due to the 
degeneracy of the genetic code. 
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12. An antibody against the polypeptide of any of claims 7 to 10. 

13. A oligonucleotide primer having a nucleotide sequence selected from the 
group consisting of the nucleotide sequences of SEQ ID NO: 7 to SEQ ID 
NO: 22. 

14. A method of screening for modulators in known assays using constructs or 
of screening for interacting proteins or factors using state of the art 
technologies. 

15. A method of screening chemical libraries comprising transformed cell lines. 

16. A compound which alters or reacts with at least one epitope of the proteins 
and which is obtained by screening methods as claimed in claim 14 or 15. 

17. The use of the antibodies according to claim 12 for diagnostic or therapeutic 
purposes. 

18. A pharmaceutical composition comprising as an effective component an 
effective amount of the peptide as claimed in any of claims 7 to 10, or its 
salt, and a pharmaceutical^ acceptable carrier or diluent. 
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Fig .2 
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Fig. 3 

FADS1 cDNA 

CACTCCTGGAGCCCGCGGACCCCGAGCACGCGCCTGACAGCCCCTGCTGGCCCGGCGCGCGGCG 
TCGCCAGGCCAGCTAIGGCCCCCGACCCGGTGGCCGCCGAGACCGCGGCTCAGGGACCTACCCC 
GCGCTACTTCACCTGGGACGAGGTGGCCCAGCGCTCAGGGTGCGAGGAGCGGTGGCTAGTGATC 
GACCGTAAGGTGTACAACATCAGOGAGTTCACCCGCCGGCATCCAGGGGGCTCCCGGGTCATCA 
GCCACTACGCCGGGCAGGATGCCACGGATCCCTTTGTGGCCTTCCACATCAACAAGGGCCTTGT 
GAAGAAGTATATGAACTCTCTCCTGATTGGAGAACTGTCTCCAGAGCAGCCCAGCTTTGAGCCC 
ACCAAGAATAAAGAGCTGACAGATGAGTTCCGGGAGCTGCGGGCCACAGTGGAGCGGATGGGGC 
TCATGAAGGCCAACCATGTCTTCTTCCTGCTGTACCTGCTGCACATCTTGCTGCTGGATGGTGC 
AGCCTGGCTCACCCTTTGGGTCTTTGGGACGTCCTTTTTGCCCTTCCTCCTCTGTGCGGTGCTG 
CTCAGTGCAGTTCAGGCCCAGGCTGGCTGGCTGCAGCATGACTTTGGGCACCTGTCGGTCTTCA 
GCACCTCAAAGTGGAACCATCTGCTACATCATTTTGTGATTGGCCACCTGAAGGGGGCCCCCGC 
CAGTTGGTGGAACCACATGCACTTCCAGCACCATGCCAAGCCCAACTGCTTCCGCAAAGACCCA 
GACATCAACATGCATCCCTTCTTCTTTGCCTTGGGGAAGATCCTCTCTGTGGAGCTTGGGAAAC 
AGAAGAAAAAATATATGCCGTACAACCACCAGCACAAATACTTCTTCCTAATTGGGCCCCCAGC 
CTTGCTGCCTCTCTACTTCCAGTGGTATATTTTCTATTTTGTTATCCAGCGAAAGAAGTGGGTG 
GACTTGGCCTGGATGATTACCTTCTACGTCCGCTTCTTCCTCACTTATGTGCCACTATTGGGGC 
TGAAAGCCTTCCTGGGCCTTTTCTTCATAGTCAGGTTCCTGGAAAGCAACTGGTTTGTGTGGGT 
GACACAGATGAACCATATTCCCATGCACATTGATCATGACCGGAACATGGACTGGGTTTCCACC 
CAGCTCCAGGCCACATGCAATGTCCACAAGTCTGCCTTCAATGACTGGT7CAGTGGACACCTCA 
ACTTCCAGATTGAGCACCATCTTTTTCCCACGATGCCTCGACACAATTACCACAAAGTGGCTCC 
CCTGGTGCAGTCCTTGTGTGCCAAGCATGGCATAGAGTACCAGTCCAAGCCCCTGCTGTCAGCC 
TTCGCCGACATCATCCACTCACTAAAGGAGTCAGGGCAGCTCTGGCTAGATGCCTATCTTCACC 
AAIAACAACAGCCACCCTGCCCAGTCTGGAAGAAGAGGAGGAAGACTCTGGAGCCAAGGCAGAG 
GGGAGCTTGAGGGACAATGCCACTATAGTTTAATACTCAGAGGGGGTTGGGTTTGG5GACATAA 
AGCCTCTGACTCAAACTCCTCCCTTTTATCTTCTAGCCACAGTTCTAAGACCCAAAGTGGGGGG 
TGGACACAGAAGTCCCTAGGAGGGAAGGAGCTGTTGGGGCAGGGGTGTAAATTATTTCCTTTTT 
CTAGTTTGGCACATGCAGGTAGTTGGTGAACAGAGAGAACCAGGAGGGTAACAGAAGAGGAGGG 
ACCTACTGAACCCAGAGTCAGGAAGAGATTTAACACTAAAATTCCACTCA7GCCGGGCGTGGTG 
CACGCGCCTGTAATCCCAGCTACCCAGGAGGCTGAGGCAGGAGAATCGCTTGAACCGGGGAGC-T 
GGAGGTTGCAGTGAGCTGAGATCACGCCATTGTACTCCAGCCTGGGCGACAGAGCAAGACTCCA 
TTTCAAAAAAAAAAAAAAAAAAAAAAATCCACTCATATAAAAGGTGAGCTCAGCTCACTGGTCC 
ATTTCTCAGTGGCTTCTCCATCCTCATTTGCAAACCTCAGAGGGATAAGGCAGTTGAACCTGAT 
GAGCAAGAATTATAACAGCAAGGAAACATTAATGCTTAGAATTCTGAGATCCAGCACAACTCAG 
TCTGTGGGAGCTCAGCTCGCTGCCCAGGGATAGGTATGACCTATGTCTGCCTTAGGCTGCTGGG 
AGATGCCATTCTCCAGTTTCAGAAGCAGGCAGGGCAAAGGTCAAGACTGTGGTATTGGGGTCTT 
TTGGCTCTGAAGGATCCTGGAACCACTGATTTTGGTTTATTCCCTCCAGGGTCTAAAGAGAACA 
AGAGGTGCTAGCTCTTACCAAAACAGATGGTAGAGAGAGTTGCTGGCTATTTAAAAAGCTCTTT 
CATCTTTTAATTCACCTCTTCTTTTCACCTCTTTAACCACTCCTCAGGAACAGAACACTTCTAG 
GACTGGGGGTCTTTTAGCTCCATAAGCAAGTGAGCAGATGGGACAAGTTAGTCTTTTCTCCCTA 
GAAACAAAGGGGATGCCCAGTGGTTTCCCTTTGCTTCCCAACCTAAAATTTCAAGTTTAATAAA 
ATAGCAATTAGCAGAAGTGACCAAATTGGGAGATAATTATCAGTCATGAGGAAAGACACAGATT 
TCGGTCATAAAGAATGTAAGGGCTATAAGTAGAAACTTTCTATAACCTAAATGATGTTATAGAA 
TTATTTTTGAGCAGGAGCAGAAAGATTAAATATGATCACTTCATACTTCTAAATCAGAAATAGG 
AAGATTAAAACCACAGAACAGTTTGTGATTTCTATTGCTGGTAGCTAGGTATCTTACTCTGTCC 
ACTCTTGTTCAAGTATCTAACTCTTCTGGAAACCAAATAGGCTTTAGAAGAGATTATCCTATAT 
TCCTATCAGTATAATACTAAAATGTAACTTTTTAATCATCTGGTTTTTAAAAGATAAACAGTTT 
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Fig.. 3 cont. 

AGCCCATCTCTCCAGAGAGCAAACATAGGAATATGACTCAGGAGCCTCCTAGGGCTTATCATCA 
GCCCTCACACCCGCTTCCCCCTCCAACCCACAGCCTTTGCTTCCAGGTGGCAGGATTACTACTT 
TGCCTCTTCAGCAGCATCTACTCTAGGCATATTGATCATTTTAGACACTGGGAGAAGAGAACCT 
CAAACTAGGAGGAAAAGACAGAGCCTCCACTTAGTTTTGGGAGGGGATGGCAGACAGTCAAGGA 
GATGAGCGTCCTAAGGCATGTTGGGATAGGGTCAGATGCACCACCCATGGAGAGGTTTGTCAAC 
ACAAAGACATGGAAGGTTAGAGGTTTGTCAACAAAAAGACATGGAAGGTTAGGTTTGTCAACAC 
AAAGACATGGAAGATTAGAGGTTTGTCAACACAAAGATACAGGAAGAATGGGCTGCAGAAGATT 
TAGATGTTTTCCATTTGGGCACATTTTACTTAGCTGGAGAACTAGGTTTAAAACAGCCTGGGTA 
GGAAAATTAGAAGCAAGCTGGATGCAGTGGCTCATGCCTGTAATCCCAACACTTTTGGGAGGTC 
CAGGCAGGAGGATCACTTGGGCCCAGGAGGTCAAGCCTGCAGCGAGCTGAGATCACACCACTGC 
ACTCCAGCCTGGGGTGATAGAACAAGACCCTGTCTCAAAAAAAAAAAAAAACAACAAAAACTTA 
GAATTGAGGAGTTGTACCTCCATTGGCTTCCTCACTCCAAAATAGGTGCTGATCCTTCCTATTC 
CTATTCTTTGCCACCTTTTGGGTGTGGTGTCACCAGCCTGTTTAGCCAAGTAGCTTTGGGCATA 
GGCTGCCCAATCTGAGCAAACACCAGTGAGGCTCTATTGAGCAAGACCAAGTCCTCAAAGCACC 
TGAACCACTGTGGCCTTCTCAGCCTACAGCAGTGTGGTCTCTTACATGGCCACAAAGGGACACA 
CAGTGACAAAAGGCTCGGAATGTTACAATGGTAAAATGAGTGATCTCAAATCCACTGACAGATA 
TAAAATAGGCTTAGAGAGGAAAAGCTGCCTCTGGTCAAGTAGATCATGGCAGCATGAATTCCAA 
CTCACTTTTTTACGAACTCCAACTTCTATGTTTATCTTTGTTACTTTCACTTTTTTACAACCTG 
NCAGAGGCATTTTTTAAATCAGGCCCAATATCAGTATTCTTTTTGTGTGTGCCAATTTTGTTAT 
CACATCCCTATGAAGTTGAAAMIAMGTTAATTTTGACCAAAAG 
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Fig. 4 

FADS 2 oDHA 

CGTCACAGTCGGCAGGCAGCATGGGGAAGGGAGGGAACCAGGGCGAGGGGGCCGCCGAGCGCGA 
GGTGTCGGTGCCCACCTTCAGCTGGGAGGAGATTCAGAAGCATAACCTGCGCACCGACAGGTGG 
CTGGTCATTGACCGCAAGGTTTACAACATCACCAAATGGTCCATCCAGCACCCGGGGGGCCAGC 
GGGTCATCGGGCACTACGCTGGAGAAGATGCAACGGATGCCTTCCGCGCCTTCCACCCTGACCT 
GGAATTCGTGGGCAAGTTCTTGAAACCCCTGCTGATTGGTGAACTGGCCCCGGAGGAGCCCAGC 
CAGGACCACGGCAAGAACTCAAAGATCACTGAGGACTTCCGGGCCCTGAGGAAGACGGCTGAGG 
ACATGAACCTGTTCAAGACCAACCACGTGTTCTTCCTCCTCCTCCTGGCCCACATCATCGCCCT 
GGAGAGCATTGCATGGTTCACTGTCTTTTACTTTGGCAATGGCTGGATTCCTACCCTCATCACG 
GCCTTTGTCCTTGCTACCTCTCAGGCCCAAGCTGGATGGCTGCAACATGATTATGGCCACCTGT 
CTGTCTACAGAAAACCCAAGTGGAACCACCTTGTCCACAAATTCGTCATTGGCCACTTAAAGGG 
TGCCTCTGCCAACTGGTGGAATCATCGCCACTTCCA3CACCACGCCAAGCCTAACATCTTCCAC 
AAGGATCCCGATGTGAACATGCTGCACGTGTTTGTTCTGGGCGAATGGCAGCCCATCGAGTACG 
GCAAGAAGAAGCTGAAATACCTGCCCTACAATCACCAGCACGAATACTTCTTCCTGATTGGGCC 
GCCGCTGCTCATCCCCATGTATTTCCAGTACCAGATCATCATGACCATGATCGTCCATAAGAAC 
TGGGTGGACCTGGCCTGGGCCGTCAGCTACTACATCCGGTTCTTCATCACCTACATCCCTTTCT 
ACGGCATCCTGGGAGCCCTCCTTTTCCTCAACTTCATCAGGTTCCTGGAGAGCCACTGGTTTGT 
GTGGGTCACACAGATGAATCACATCGTCATGGAGATTGACCAGGAGGCCTACCGTGACTGGTTC 
AGTAGCCAGCTGACAGCCACCTGCAACGTGGAGCAGTCCTTCTTCAACGACTGGTTCAGTGGAC 
ACCTTAACTTCCAGATTGAGCACCACCTCTTCCCCACCATGCCCCGGCACAACTTACACAAGAT 
CGCCCCGCTGGTGAAGTCTCTATGTGCCAAGCATGGCATTGAATACCAGGAGAAGCCGCTACTG 
AGGGCCCTGCTGGACATCATCAGGTCCCTGAAGAAGTCTGGGAAGCTGTGGCTGGACGCCTACC 
TTCACAAATGAAGCCACAGCCCCCGGGACACCGTGGGGAAGGGGTGCAGGTGGGGTGATGGCCA 
GAGGAATGATGGGCTTTTGTTCTGAGGGGTGTCCGAGAGGCTGGTGTATGCACTGCTCACGGAC 
CCCATGTTGGATCTTTCTCCCTTTCTCCTCTCCTTTTTCTCTTCACATCTCCCCCATAGCACCC 
TGCCCTCATGGGACCTGCCCTCCCTCAGCCGTCAGCCATCAGCCATGGCCCTCCCAGTGCCTCC 
TAGCCCCTTCTTCCAAGGAGCAGAGAGGTGGCCACCGGGGGTGGCTCTGTCCTACCTCCACTCT 
CTGCCCCTAAAGATGGGAGGAGACCAGCGGTCCATGGGTCTGGCCTGTGAGTCTCCCCTTGCAG 
CCTGGTCACTAGGCATCACCCCCGCTTTGGTTCTTCAGATGCTCTTGGGGTTCATAGGGGCAGG 
TCCTAGTCGGGCAGGGCCCCTGACCCTCCCGGCCTGGCTTCACTCTCCCTGACGGCTGCCATTG 
GTCCACCCTTTCATAGAGAGGCCTGCTTTGTTACAAAGCTCGGGTCTCCCTCCTGCAGCTCGGT 
TAAGTACCCGAGGCCTCTCTTAAGATGTCCAGGGCCCCAGGCCCGCGGGCACAGCCAGCCCAAA 
CCTTGGGCCCTGGAAGAGTCCTCCACCCCATCACTAGAGTGCTCTGACCCTGGGCTTTCACGGG 
CCCCATTCCACCGCCTCCCCAACTTGAGCCTGTGACCTTGGGACCAAAGGGGGAGTCCCTCGTC 
TCTTGTGACTCAGCAGAGGCAGTGGCCACGTTCAGGGAGGGGCCGGCTGGCCTGGAGGCTCAC-C 
CCACCCTCCAGCTTTTCCTCAGGGTGTCCTGAGGTCCAAGATTCTGGAGCAATCTGACCCTTCT 
CCAAAGGCTCTGTTATCAGCTGGGCAGTGCCAGCCAATCCCTGGCCATTTGGCCCCAGGGGACG 
TGGGCCCTGCAGGCTGCAGGAGGGCACTGGAGCTGGGAGGTCTCGTCCCAGCCCTCCCCATCTC 
GGGGCTGCTGTGTGGACGGCGCTGCCTCAGGCACTCTCCTGTCTGAACCTGCCCTTACTGTGTT 
TAACCTGTTGCTCCAGGATGCATTCTGATAGGAGGGGGCGGCAGGGCTGGGCCTTGTGACAATC 
TGCCTTTCACCACATGGCCTTGCCTCGGTGGCCCTGACTGTCAGGGAGGGCCAGGGAGGCAGAG 
CGGGAGGGAGTCTCAGGAGGAGGCTGCCCTGAGGGGCTGGGGAGGGGGTACCTCATGAGGACCA 
GGGTGGAGCTGAGAAGAGGAGGAGGTGGGGGCTGGAGGTGCTGGTAGCTGAGGGGACGGGCAAG 
TGAGAGGGGAGGGAGGGAAGTCCTGGGAGGATCCTGAGCTGCTGTTGCAGTCTAACCCACTAAT 
CAGTTCTTAGATTCAGGGGAAGGGCAGGCACCAACAACTCAGAATGGGGGCTTTCGGGGAGGGC 
GCCTAGTCCCCCCAGCTCTAAGCAGCCAGGAGGGACCTGCATCTAAGCATCTGGGTTGCCATGG 
CAATGGCATGCCCCCCAGCTACTGTATGCCCCCGACCCCCGCAGAGGCAGAATGAACCCATAGG 
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Fig. 4 cont 

GAGCTGATCGTAATGTTTATCATGTTACTTCCCCACCCCTACATTTTTTGAMIMAA TAAGGA 
ATTTTATTCTCACTTCCTGTGTTTCCTGCACGCCAATGCCAGGCCATGGTATTGGGTGATAGAT 
GAGGCCCTTCTAGCTGGGCCTGGGCACCAGGAGGGGTCCCCATGCTTGCATCTCTCTGTATCCC 
CTCCCTCCCCTGTGGCCATCCCACCCGCCTCTCCCTGCTGCCTCTGAAATTCATTCTGGGGCCC 
GGAACTTGGTGGAAATGACCCAAAAACATTGGCCCATCTTCCTCCTCTCAGCAGCCGACCCCAG 
CCCAATTCTAAAACAGGGCTGAGAGCCACCTCTCAGCAGCTGACCCCTACCCAAGGAGGGTGGC 
ATGGAGGGGCTTGCAGAGACTCTTCCTAACATCCTCCCCCCCCAGCTGTCTCCCCAAGTGCAAT 
CTGCCCTCCCATCCCTGGGCCAGCCAGCTTCCACAGAGCGCCAGGCCAAACAGAATTCCTGGCC 
TCCTTGGAAGGGGCTGGAGAAGGCCGGGAGCAGTGGCTCACGCCTGTAATCCCAGCACTTTGGG 
AGGCTGAGGCGGGCAGATCACAAAGTCAAGAGATTGAGACCATCCTGGCCAACATGGTGAAACC 
CCGTCTCTACTAAAAATACAAAAATTAGGCCGGGTGCGGTGGCTCACGCCTGTAATCCCAGCAC 
TTTGGGAGGCCGAGGCGGGCAGATCACGAGGTCAGGAGATCAAGACCATCCTGGCTAACACGGT 
GAAACCCCGTCTCTACTAAAAATACAAAAAATTAGCTGGGCGAGGTGGCGGGTGCCTGTAGTCC 
CAGCTACGTGGGAGGCTGAGGCAAGAGAATGGCGTGAACCCCGGCGGGGCAGAGCCTGCAGAGA 
GCTGAGATCACACCACTGTACTCCAGCCTGGGCGACAGCGAGACTCCGTCTCAAAAAAAAAAAA 
AAAAAAAATTAGCTGGGCATGGTGGTGCGTGCCTGCAGTCCCAGCTACTCAGGAGGCTGAGACG 
GGAGAATCGCTTGAACCTGGGAGGCAGAGGTTGCAGTGAGCCAAGATCGCTCACTCCAGCCTAG 
CGACAGAGTGAGACTCCATCTC AAATAAATAAATAAA TTAATTAATTAAATTAAATT 
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FADS 3 cDNA 

GGCCGCGGCGGCAGGGCGGGGCCGGAGCAGCGGGCGGCGGCGGAGGCGGCGCCCGGGAGCGCTC 
TTCGCTTCCCTCGGGGTCTTGCTCGGACCTCGGCCACCGCCT.GGGATCCCCAGGACTCGTGCGT 
GCAGC&IGGGCGGCGTCGGGGAGCCGGGACCGCGGGAGGGACCCGCGCAGCCGGGGGCACCGCT 
GCCCACCTTCTGCTGGGAGCAGATCCGCGCGCACGACCAGCCCGGCGACAAGTGGCTGGTCATC 
GAGCGCCGCGTCTACGACATCAGCCGCTGGGCACAGCGGCACCCAGGGGGCAGCCGCCTCATCG 
GCCACCACGGCGCTGAGGACGCCACGGATGCCTTCCGTGCCTTCCATCAAGATCTCAATTTTGT 
GCGCAAGTTCCTACAGCCCCTGTTGATTGGAGAGCTGGCTCCGGAAGAACCCAGCCAGGATGGA 
CCCCTGAATGCGCAGCTGGTCGAGGACTTCCGAGCCCTGCACCAGGCAGCCGAGGACATGAAGC 
TGTTTGATGCCAGTCCCACCTTCTTTGCTTTCCTACTGGGCCACATCCTGGCCATGGAGGTGCT 
GGCCTGGCTCCTTATCTACCTCCTGGGTCCTGGCTGGGTGCCCAGTGCCCTGGCCGCCTTCATC 
CTGGCCATCTCTCAGGCTCAGTCCTGGTGTCTGCAGCATGACCTGGGCCATGCCTCCATCTTCA 
AGAAGTCCTGGTGGAACCACGTGGCCCAGAAGTTCGTGATGGGGCAGCTAAAGGGCTTCTCCGC 
CCACTGGTGGAACTTCCGCCACTTCCAGCACCACGCCAAGCCCAACATCTTCCACAAAGACCCA 
GACGTGACGGTGGCGCCCGTCTTCCTCCTGGGGGAGTCATCCGTCGAGTATGGCAAGAAGAAAC 
GCAGATACCTACCCTACAACCAGCAGCACCTGTACTTCTTCCTGATCGGCCCGCCGCTGCTCAC 
CCTGGTGAACTTTGAAGTGGAAAATCTGGCGTACATGCTGGTGTGCATGCAGTGGGCGGATTTG 
CTCTGGGCCGCCAGCTTCTATGCCCGCTTCTTCTTATCCTACCTCCCCTTCTACGGCGTCCCTG 
GGGTGCTGCTCTTCTTTGTTGCTGTCAGGGTCCTGGAAAGCCACTGGTTCGTGTGGATCACACA 

• GATGAACCACATCCCCAAGGAGATCGGCCACGAGAAGCACCGGGACTGGGTCAGCTCTCAGCTG 
GCAGCCACCTGCAACGTGGAGCCCTCACTTTTCACCAACTGGTTCAGCGGGCACCTCAACTTCC 
AGATCGAGCACCACCTCTTCCCCAGGATGCCGAGACACAACTACAGCCGGGTGGCCCCGCTGGT 
CAAGTCGCTGTGTGCCAAGCACGGCCTCAGCTACGAAGTGAAGCCCTTCCTCACCGCGCTGGTG 

. GACATCGTCAGGTCCCTGAAGAAGTCTGGTGACATCTGGCTGGACGCCTACCTCCATCAGTGAA 
GGCAACACCCAGGCGGGCAGAGAAGGGCTCAGGGCACCAGCAACCAAGCCAGCCCCGGCGGGAT 
CGATACCCCCACCCCTCCACTGGCCAGCCTGGGGGTGCCCTGCCTGCCCTCCTGGTACTGTTGT 
CTTCCCCTCGGCCCCCTCACATGTGTATTCAGCAGCCCTATGGCCTTGGCTCTGGGCCTGATGG 
GACAGGGGTAGAGGGAAGGTGAGCATAGCACATTTTCCTAGAGCCAGAATTGGGGGAAAGCTGT 
TATTTTTAT ATTAAAA TACATTCAGATGT 
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Fig. 6 



FAD SI 

Met Ala Pro Asp Pre Val Ala Ala Glu Thr Ala Ala Gin Gly Pro Thr 
15 10 15 

Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Glu Arg Ser Gly Cys Glu 
20 25 30 

Glu Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Ser Glu Phe 
35 40 * 45 

Thr Arg Arg His Pro Gly Gly Ser Arg Val He Ser His Tyr Ala Gly 
50 55 60 

Gin Asp Ala Thr Asp Pro Phe Val Ala Phe His He Asn Lys Gly Leu 
65 70 75 80 

Val Lys Lys Tyr Met Asn Ser Leu Leu He Gly Glu Leu Ser Pro Glu 
85 90 95 

Gin Pro Ser Phe Glu Pro Thr Lys Asn Lys Glu Leu Thr Asp Glu Phe 
100 105 110 

Arg Glu Leu Arg Ala Thr Val Glu Arg Met Glv Leu Met Lys Ala Asn 
115 120 125 

His Val Phe Phe Leu Leu Tyr Leu Leu His He Leu Leu Leu Asp Gly 
130 135 140 

Ala Ala Trp Leu Thr Leu Trp Val Phe Gly Thr Ser Phe Leu Pro Phe 
145 150 155 160 

Leu Leu Cys Ala Val Leu Leu Ser Ala Val Gin Ala Gin Ala Gly Trp 
165 170 175 

Leu Gin His Asp Phe Gly His Leu Ser Val Phe Ser Thr Ser Lys Trp 
180 185 19C 

Asn His Leu Leu His His Phe Val He Gly His Leu Lys Gly Ala Pro 
195 20C 205 

Ala Ser Trp Trp Asn His Met His Phe Gin His His Ala Lys Pro Asn 
210 215 220 

Cys Phe Arg Lys Asp Pro Asp He Asn Met His Pro Phe Phe Phe Ala 
225 230 235 240 

Leu Gly Lys He Leu Ser Val Glu Leu Gly Lys Gin Lys Lys Lys Tyr 
245 250 255 

Met Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu He Gly Pro Pro 
260 265 270 



Ala Leu 



Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr Phe Val He 
275 * 280 " 285 
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Fig. 6 cont. 



Gin Arg Lys Lys Trp Val Asp Leu Ala Trp Met He Thr Phe Tyr Val 
290 295 300 

Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys Ala Phe Leu 

305 310 315 320 

Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Asn Trp Phe Val Trp 

325 330 335 

Val Thr Gin Met Asn His He Pro Met His He Asp His Asp Arg Asn 

340 345 350 

Met Asp Trp Val Ser Thr Gin Leu Gin Ala Thr Cys Asn Val His Lys 
355 360 365 

Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu 
370 375 380 

His His Leu Phe Pro Thr Met Pro Arg His Asn Tyr His Lys Val Ala 

385 390 395 400 

Pro Leu Val Gin Ser Leu Cys Ala Lys His Gly He Glu Tyr Gin Ser 



405 



410 



415 



Lys Pro 



Leu 



Leu 
420 



Ser Ala Phe Ala Asp He He 
425 



His Ser Leu Lys Glu 
430 



Ser Gly 



Gin 
435 



Leu 



Trp Leu As? Ala Tyr Leu His 
440 



Gin 



WO 00/53770 



10 / 14 



PCI7EP00/01979 



Fig. 7 



FADS2 

Met Gly Lys Gly Gly Asn Gin Gly Glu Gly Ala Ala Glu Arg Glu Val 
15 10 15 

Ser Val Pro Thr Phe Ser Trp Glu Glu lie Gin Lys His Asn Leu Arg 
20 25 30 

Thr Asp Arg Trp Leu Val lie Asp Arg Lys Val Tyr Asn He Thr Lys 
35 40 45 

Trp Ser He Gin His Pro Gly Gly Gin Arg Val He Gly His Tyr Ala 
50 55 60 

Gly Glu Asp Ala Thr Asp Ala Phe Arg Ala Phe His Pro Asp Leu Glu 
65 70 75 80 

Phe Val Gly Lys Phe Leu Lys Pro Leu Leu He Gly Glu Leu Ala Pro 
85 90 95 

Glu Glu Pro Ser Gin Asp His Gly Lys Asn Ser Lys He Thr Glu Asp 
100 105 110 

Phe Arg Ala Leu Arg Lys Thr Ala Glu Asp Met Asn Leu Phe Lys Thr 
115 120 125 

Asn His Val Phe Phe Leu Leu Leu Leu Ala His He He Ala Leu Glu 
130 135 140 

Ser He Ala Trp Phe Thr Val Phe Tyr Phe Gly Asn Gly Trp He Pro 
145 150 155 160 

Thr Leu He Thr Ala Phe Val Leu Ala Thr Ser Gin Ala Gin Ala Gly 
165 170 175 

Trp Leu Gin His Asp Tyr Gly His Leu Ser Val Tyr Arg Lys Pro Lys 
180 185 190 

Trp Asn His Leu Val His Lys Phe Val He Gly His Leu Lys Gly Ala 
195 200 205 

Ser Ala Asn Trp Trp Asn His Arg His Phe Gin His His Ala Lys Pro 
210 215 220 

Asn He Phe His Lys Asp Pro Asp Val Asn Met Leu His Val Phe Val 
225 230 235 240 

Leu Gly Glu Trp Gin Pro He Glu Tyr Gly Lys Lys Lys Leu Lys Tvr 
245 250 ' 255 

Leu Pro Tyr Asn His Gin His Glu Tyr Phe Phe Leu lie Gly Pro Pro 
260 265 270 



Leu Leu He Pro Met Tyr Phe Gin Tyr Gin He He Met Thr Met lie 
275 280 285 
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Fig. 7 cont 



Val His 
290 



Lys Asn Trp 



Val Asp Leu Ala 
295 



Trp Ala Val 
300 



Ser Tyr Tyr lie 



Arg Phe 
305 



Phe He Thr 



Tyr He Pro Phe 
310 



Tyr Gly He 
315 



Leu Gly Ala Leu 
320 



Leu Phe 



Leu Asn Phe 
325 



He Arg Phe Leu 



Glu Ser His 
330 



Trp Phe Val Trp 
335 



Val Thr 



Arg Asp 



Gin Met Asn 
340 

Trp Phe Ser 
355 



His He Val Met 
345 

Ser Gin Leu Thr 
360 



Glu He Asp 
Ala Thr Cys 



Gin Glu Ala Tyr 
350 

Asn Val Glu Gin 
365 



Ser Phe 
370 



Phe Asn Asp 



Trp Phe Ser Gly 
375 



His Leu Asn 
380 



Phe Gin He Glu 



His His 
38 5 



Leu Phe Pro 



Thr Met Pro Arg 
390 



His Asn Leu 
395 



His Lys He Ala 
400 



Pro Leu 



Val Lys Ser 
405 



Leu Cys Ala Lys 



His Gly He 
410 



Glu Tyr Gin Glu 
415 



Lys Pro 



Leu Leu Arg 
420 



Ala Leu Leu Asp 
425 



He He Arg 



Ser Leu Lys Lys 
430 



Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His Lys 
435 44C 
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Fig. 8 



FAD S3 

Met Gly Gly Val Gly Glu Pro Gly Pro Arg Glu Gly Pro Ala Gin Pro 
1 5 10 15 

Gly Ala Pro Leu Pro Thr Phe Cys Trp Glu Gin He Arg Ala His Asp 
20 25 30 

Gin Pro Gly Asp Lys Trp Leu Val He Glu Arg Arq Val Tyr Asp He 
35 40 45 

Ser Arg Trp Ala Gin Arg His Pro Gly Gly Ser Arg Leu He Gly His 
50 * 55 60 

His Gly Ala Glu Asp Ala Thr Asp Ala Phe Arg Ala Phe His Gin Asp 
65 70 75 80 

Leu Asn Phe Val Arg Lys Phe Leu Gin Pro Leu Leu He Gly Glu Leu 
85 90 95 

Ala Pro Glu Glu Pro Ser Gin Asp Gly Pro Leu Asn Ala Gin Leu Val 
100 105 110 

Glu Asp Phe Arg Ala Leu His Gin Ala Ala Glu Asp Met Lys Leu Phe 
115 120 125 

Asp Ala Ser Pro Thr Phe Phe Ala Phe Leu Leu Gly His lie Leu Ala 
130 135 140 

Met Glu Val Leu Ala Trp Leu Leu He Tyr Leu Leu Gly Pro Gly Trp 
145 150 155 160 

Val Pro Ser Ala Leu Ala Ala Phe He Leu Ala He Ser Gin Ala Gin 
165 170 175 

Ser Trp Cys Leu Gin His Asp Leu Gly His Ala Ser He Phe Lys Lys 
180 185 190 

Ser Trp Trp Asn His Val Ala Gin Lys Phe Val Met Gly Gin Leu Lys 
195 200 205 

Gly Phe Ser Ala His Trp Trp Asn Phe Arg His Phe Gin His His Ala 
210 ' 215 220 

Lys Pro Asn He Phe His Lys Asp Pro Asp Val Thr Val Ala Pro Val 
225 230 235 240 

Phe Leu Leu Glv Glu Ser Ser Val Glu Tyr Gly Lys Lys Lys Arg Arg 
245 250 255 

Tyr Leu Pro Tyr Asn Gin Gin His Leu Tyr Phe Phe Leu He Gly Pre 
260 265 270 

Pro Leu Leu Thr Leu Val Asn Phe Glu Val Glu Asn Leu Ala Tyr Met 
275 280 285 
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Fig. 8 cont. 



Leu Val Cys Met Gin 
290 



Trp Ala Asp Leu 
295 



Leu Trp Ala Ala Ser Phe Tyr 
300 



Ala Arg Phe Phe Leu 
305 



Ser Tyr Leu Pre 
310 



Phe Tvr Gly Val Pro Gly Val 
315 320 



Leu Leu Phe Phe Val 
325 



Ala Val Arg Val 



Leu Glu Ser His Trp Phe Val 
330 335 



Trp lie Thr Gin Met 
340 



Asn His He Pro 
345 



Lys Glu He Gly His Glu Lys 
350 



His Arg Asp Trp Val 
355 



Ser Ser Gin Leu 
360 



Ala Ala Thr Cys Asn Val Glu 
365 



Pro Ser Leu Phe Thr 
370 



Asn Tro Phe Ser 
375 



Gly His Leu Asn Phe Gin He 
380 



Glu His His Leu Phe 
385 



Pro Arg Met Pro 
390 



Arg His Asn Tyr Ser Arg Val 
395 400 



Ala Pro Leu Val Lys 
405 



Ser Leu Cys Ala 



Lys His Gly Leu Ser Tyr Glu 
410 415 



Val Lys Pre Phe Leu 
420 



Thr Ala Leu Val 
425 



Asp He Val Arg Ser Leu Lys 
430 



Lys Ser Gly Asp lie 
435 



Trp Leu Asp Ala 
440 



Tyr Leu His Glr. 

445 
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Fig. 9 

Oligonucleotide primers to amplify FADS1 cDNA 

TU12-R5 ( 5 1 -CGCCTGACAGCCCCTGCT-3 f ) 
TU12-F10 (5 1 -CAGGTGGCCAATCACAAAAT-3 1 ) 

TU12-R7 ( 5 1 -CTCAAAGTGGAACCATCTGCTA-3 1 ) 
TU12-F9 ( 5 ' -GGAAACCCAGTCCATGTTCC-3 1 ) 

TU12-R6 ( 5 ' -CCTGGGCCTTTTCTTCATAGT-3 1 ) 
TU12-F5 ( 5 1 -CTCAAGCTCCCCTCTGCCT-3 ' ) 



Oligonucleotide primers to amplify FADS2 cDNA 

TU13-R4 ( 5 ' -TCAGAAGCATAACCTGCGC-3 ' ) 

TU13-F7 { 5 ' -CCAGTTCACCAATCAGCAGG-3 ' ) 

TU13-R3 { 5 ' -CCCCTGCTGATTGGTGAACT-3 * ) 

TU13-F4 { 5 ' -TGTAGGGCAGGTATTTCAGC-3 1 ) 

TU13-R2 ( 5 1 - AGCCCATCGAGTACGGCAA- 3 * ) 

TU13-F1 (5 ' -CCTCAGAACAAAAGCCCATC-3 ' ) 



Oligonucleotide primers to amplify FADS3 cDNA 

TU19-R2 (5 ' -TCTTGCTCGGACCTCGGC-3 ' ) 
TU19-F2 ( 5 1 -GTGATCCACACGAACCAGTG-3 ' ) 

TU19-R3 (5 ' -GAAGAACCCAGCCAGGATG-3 ' ) 
TU19-F3 {5 ' -ACAGCTTTCCCCCAATTCTC-3 ' ) 
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<130> Anm. 99/002 WO 

<140> 
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<160> 22 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 4205 
<212> DNA 

<213> Unknown Organism 
<220> 

<223> Description of Unknown Organism: 
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unknown 
<400> 1 

cactcctgga gcccgcggac cccgagcacg cgcctgacag cccctgctgg cccggcgcgc 60 

ggcgtcgcca ggccagctat ggcccccgac ccggtggccg ccgagaccgc ggctcaggga 120 

cctaccccgc gctacttcac ctgggacgag gtggcccagc gctcagggtg cgaggagcgg 180 

tggctagtga tcgaccgtaa ggtgtacaac atcagcgagt tcacccgccg gcatccaggg 240 

ggctcccggg tcatcagcca ctacgccggg caggatgcca cggatccctt tgtggccttc 300 

cacatcaaca agggccttgt gaagaagtat atgaactctc tcctgattgg agaactgtct 360 

ccagagcagc ccagctttga gcccaccaag aataaagagc tgacagatga gttccgggag 4 20 

ctgcgggcca cagtggagcg gatggggctc atgaaggcca accatgtctt cttcctgctg 4 80 

tacctgctgc acatcttgct gctggatggt gcagcctggc tcaccctttg ggictttggg 54 0 

acgtcctttt tgcccttcct cctctgtgcg gtgctgctca gtgcagttca ggcccaggct 600 

ggctggctgc agcatgactt tgggcacctg tcggtcttca gcacctcaaa gtggaaccat 660 

ctgctacatc attttgtgat tggccacctg aagggggccc ccgccagttg gtggaaccac 720 

atgcacttcc agcaccatgc caagcccaac tgcttccgca aagacccaga catcaacatg 780 

catcccttct tctttgcctt ggggaagatc ctctctgtgg agcttgggaa acagaagaaa B40 

aaatatatgc cgtacaacca ccagcacaaa tacttcttcc taattgggcc cccagccttg 900 

ctgcctctct acttccagtg gtatattttc tattttgtta tccagcgaaa gaagtgggtg 960 

gacttggcct ggatgattac cttctacgtc cgcttcttcc tcacttatgt gccactattg 1020 

gggc^gaaag ccttcctggg ccttttcttc atagtcaggt tcctggaaag caactggttt 1080 

gtgtgggtga cacagatgaa ccatattccc atgcacattg atcatgaccq gaacatggac 1140 

tgggzttcca cccagctcca ggccacatgc aatgtccaca agtctgcctt caatgactgg 1200 

ttcagtggac acctcaactt ccagattgag caccatcttt ttcccacgat gcctcgacac 1260 

aattaccaca aagtggctcc cctggtgcag tccttgtgtg ccaagcatgg catagagtac 1320 

cagtccaagc ccctgctgtc agccttcgcc gacatcatcc actcactaaa ggagtcaggg 1380 

cagctctggc tagatgccta tcttcaccaa taacaacagc caccctgccc agtctggaag 1440 

aagaggagga agactctgga gccaaggcag aggggagctt gagggacaat gccactatag 1500 

tttaatactc agagggggtt gggtttgggg acataaagcc tctgacrcaa actcctccct 1560 

tttatcttct agccacagtt ctaagaccca aagtgggggg tggacacaga agtccctagg 1620 

agggaaggag ctgttggggc aggggtgtaa attatttcct ttttctagtt tggcacatgc 1680 

aggtagttgg tgaacagaga gaaccaggag ggtaacagaa gaggagggac ctacrgaacc 1740 

cagagtcagg aagagattta acactaaaat tccactcatg ccgggcgtgg tgcacgcgcc 1800 

tgtaatccca gctacccagg aggctgaggc aggagaatcg cttgaaccgg ggaggtggag 1360 
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gttgcagtga 
tttcaaaaaa 
gt ccatttct 
aacctgatga 
agcacaactc 
gccttaggct 
gactgtggta 
tccctccagg 
gagttgctgg 
ttaaccactc 
agtgagcaga 
ttccctttgc 
ccaaattggg 
taagggctat 
aggagcagaa 
aaccacagaa 
ttgttcaagt 
tcctatcagt 
gtttagccca 
tatcatcagc 
ggactactac 
tgggagaaga 
ggatggcaga 
ccacccatgg 
agacatggaa 
aaagatacag 
cttagctgga 
cagtggctca 
gcccaggagg 
atagaacaag 
tgtacctcca 
tgccaccttt 
gcccaatctg 
tgaaccac tg 
cacacagtga 
gacagatata 
catgaattcc 
acttttttac 
gtgtgtgcca 
aaaag 



gctgagatca 
aaaaaaaaaa 
cagtggcttc 
gcaagaatta 
agtctgtggg 
gctgggagat 
ttggggtctt 
g-ctaaagag 
cratttaaaa 
ctcaggaaca 
tgggacaagt 
ttcccaacct 
agataattat 
aagtagaaac 
agattaaata 
cagtttgtga 
atctaactct 
ataatactaa 
tctctccaga 
cctcacaccc 
tttgcctct- 
gaacctcaaa 
cagtcaagga 
agaggtttgt 
ggttaggttr 
gaagaatggg 
gaactaggtt 
tgcctgtaat 
tcaagcctgc 
accctgtctc 
ttggcttcct 
tgggtgtggt 
agcaaacacc 
-ggccttctc 
caaaaggctc 
aaataggctt 
aactcacttt 
aacctgncag 
attttgttat 



cgccattgta 
aaaaaaatcc 
tccatcctca 
taacagcaag 
agctcagctc 
gccattctcc 
ttggctctga 
aacaacaggt 
agctctttca 
gaacacttct 
tagtcttttc 
aaaatttcaa 
cagtcatgag 
tttctataac 
tgatcacttc 
tttctattgc 
tctggaaacc 
aatgtaactt 
gagcaaacat 
gctt ccccct 
cagcagcatc 
ctaggaggaa 
gatgagcgtc 
caacacaaag 
gtcaacacaa 
ctgcagaaga 
taaaacagcc 
cccaacactt 
agcgagctga 
aaaaaaaaaa 
cactccaaaa 
gtcaccagcc 
agtgaggctc 
agcctacagc 
ggaatgttac 
agagaggaaa 
tttacgaact 
aggcattttt 
cacatcccta 



ctccagcctg 
actcatataa 
tttccaaacc 
gaaacattaa 
gctgcccagg 
agtttcagaa 
aggatcctgg 
gctagctctt 
tcttttaatt 
aggactgggg 
tccctagaaa 
gtttaataaa 
gaaagacaca 
ctaaatgatg 
atacttctaa 
tggtagctag 
aaataggctt 
tttaatcatc 
aggaatatga 
ccaacccaca 
tactctaggc 
aagacagagc 
ctaaggcatg 
acatggaagg 
agacatggaa 
tttagatgtt 
tgggtaggaa 
ttgggaggtc 
gatcacacca 
aaaaacaaca 
taggtgctga 
tgtttagcca 
tattgagcaa 
agtgtggtct 
aatggtaaaa 
agctgcctct 
ccaacttcta 
taaatcaggc 
tgaeg.tgaa 



ggcgacagag 
aaggtgagct 
tcagagggat 
tgcttagaat 
gataggtatg 
gcaggcaggg 
aaccactgat 
accaaaacag 
cacctcttct 
gtcttttagc 
caaaggggat 
atagcaatta 
gatttcggtc 
ttatagaatt 
atcagaaata 
gtatcttact 
tagaagagat 
tggtttttaa 
ctcaggagcc 
gcctttgctt 
atattgatca 
ctccacttag 
ttgggatagg 
ttagaggttt 
cattagaggt 
ttccatttgg 
aattagaagc 
caggcaggag 
ctgcactcca 
aaaacttaga 
tccttcctat 
agtagctttg 
gaccaagtcc 
cttacatggc 
tgagtgatcr 
ggtcaagtag 
tgtttatctt 
ccaatarcag 
aaataaagtt 



caagactcca 
cagctcactg 
aaggcagttg 
tctgagatcc 
acctatgtct 
caaaggtcaa 
tttggtttat 
atggtagaga 
tttcacctct 
tccataagca 
gcccagtggt 
gcagaagtga 
ataaagaatg 
atttttgagc 
ggaagattaa 
ctgtccactc 
tatcctatat 
aagataaaca 
tcctagggct 
ccaggtggca 
ttttagacac 
ttttgggagg 
gtcagatgca 
gtcaacaaaa 
ttgtcaacac 
gcacatttta 
aagctggatg 
gatcacttgg 
gcctggggtg 
attgaggagt 
tcctattctr 
ggcataggct 
tcaaaccacc 
cacaaaggga 
caaatccact 
atcatggcag 
tgttactttc 
tattcttttt 
aattt-gacc 



1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
24 60 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 
3300 
3350 
3420 
3480 
3540 
3600 
3650 
3720 
3780 
3840 
3900 
3960 
4020 
4030 
414C 
423C 
4235 



<?.10> ?. 
<211> 4089 
<212> DNA 

<213> Unknown Organism 
<220> 

<223> Description of Unknown Organism: 
unknown 



55 



60 



<400> 2 

cgtcacagtc 

gcgaggtgtc 

acaggtggct 

cggggggcca 

ccttccaccc 

tggccccgga 

ggqccctgaq 

tcctcctcct 

t tggcaa tgg 

aagctggatg 



ggcaggcagc 
ggtgcccacc 
ggtcattgac 
gcgggtcatc 
tgacctggaa 
ggagcccagc 
qaaqacggct 
ggcccacatc 
ctggattcct 
cctgcaacat 



atggggaagg 
ttcagctggg 
cgcaaggttt 
gggcactacg 
ttcgtgggca 
caggaccacg 
gaggacatga 
atcgccctgg 
accctcatca 
gattatggcc 



gagggaacca 
aggagattca 
acaacatcac 
ctggagaaga 
agttcttgaa 
gcaagaactc 
acctgttcaa 
agagcattgc 
cggcctttct 
acctqtctgt 



gggcgagggg 
gaagcataac 
caaatggtcc 
tgcaacggat 
acccctgctg 
aaagarcact 
gaccaaccac 
atgcttcact 
ccttgctacc 
ctacagaaaa 



gccgccgagc 60 
ctgcgcaccg 120 
atccagcacc 180 
gccttccgcg 240 
attggtgaac 300 
gaggacttcc 360 
gtgttcttcc 420 
gtcttttact 48C 
tctcaggccc 540 
cccaagzgga 600 
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accaccttgt ccacaaattc gtcattggcc acttaaaggg tgcctctgcc aactggtgga 660 

atcatcgcca cttccagcac cacgccaagc ctaacatctt ccacaaggat cccgatgtga 720 

acatgctgca cgtgtttgtt ctgggcgaat ggcagcccat cgagtacggc aagaagaagc 7 80 

tgaaatacct gccctacaat caccagcacg aatacttctt cctgattggg ccgccgctgc 84 0 

5 tcatccccat gtatttccag taccagatca tcatgaccat catcgtccat aagaactggg 900 

tggacctggc ctgggccgtc agctactaca tcccgttctt catcacctac atccctttct 960 

acggcatcct gggagccctc cttttcctca acttcatcag gttcctggag agccactggt 1020 

ttgtgtgggt cacacagatg aatcacatcg tcatggagat tgaccaggag gcctaccgtg 1080 

actggttcag tagccagctg acagccacct gcaacgtgga gcagtccttc ttcaacgact 1140 

'0 ggttcagtgg acaccttaac ttccagattg agcaccacct cttccccacc atgccccggc 1200 

acaacttaca caagarcgcc ccgctggtga agtctctatg tgccaagcat ggcattgaat 1260 

accaggagaa gccgctactg agggccctgc tggacatcat caggtccctc aagaagtctg 1320 

ggaagctgtg gctggacgcc taccttcaca aatgaagcca cagcccccgg gacaccgtgg 1380 

ggaaggggtg caggtggggt gatggccaga ggaatgatgg gcttttgttc tgaggggtgt 1440 

" ccgagaggct ggtgtatgca ctgctcacgg accccatgtt ggatctttct ccctttctcc 1500 

tctccttttt ctcttcacat ctcccccata gcaccctgcc ctcatgggac ctgccctccc 156C 

tcagccgtca gccatcagcc atggccctcc cagtgcctcc tagccccttc ttccaaggag 1620 

cagagaggtg gccaccgggg gtggctctgt ccracctcca ctctctgccc ctaaagatgg 16B0 

gaggagacca gcggtccatg ggtctggcct gtcagtctcc ccttgcagcc tggtcactag 174 0 

20 gcatcacccc cgctttggtt cttcagatgc tcttggggtt cataggggca ggtcctagtc 1800 

gggcagggcc cctgaccctc ccggcctggc ttcactctcc ctgacggctg ccattggtcc 1860 

accctttcat agagaggcct gctrtgttac aaagctcggg tctccctcct gcagctcggt 1920 

taagtacccg aggcctctct taagatgtcc agcgccccag gcccgcggcc acagccagcc 1980 

caaaccttgg gccctggaag agtcctccac cccatcacta gagtgctctg accctgggct 2040 

25 ttcacgggcc ccattccacc gcctccccaa cttgagcctg tgaccttgcg accaaagggg 2100 

gagtccctcg tctcttgtga ctcagcagag gcagtgccca cgttcaggca ggggccggct 2160 

ggcctggagg ctcagcccac cctccagctt ttcctcaggg tgtcctgagg tccaagattc 2220 

tggagcaatc tgacccttct ccaaaggctc tgttatcagc tgggcagtgc cagccaatcc 2280 

ctggccattt ggccccaggg gacgtgggcc ctgcaggctg caggagggca ctggagctgq 2340 

30 gaggtctcgt cccagccctc cccatctcgg ggctgctgtg tggacggcgc tgcctcaggc 2400 

actctcctgt ctgaacctgr mttactgtg tttaacctgt tgctccagga tgcattctga 24 60 

taggaggggg cggcagggct gggccttgtg acaatctgcc tttcaccaca tggccttgcc 2520 

tcggtggccc tgactgtcag ggagggccag ggaggcagag cgggagggag tctcaggagg 2530 

aggctgccct gaggggctgg ggagggggta cctcatgagg accagggtgg agctgagaag 2640 

35 aggaggaggt gggggctgga ggtgctggta gctgagggga cgggcaagtg agaggggagg 2700 

gagggaagtc ctgggaggai: cctgagctgc tgttgcagtc taacccacta atcagttctt 2760 

agattcaggg gaagggcagg caccaacaac tcagaatggc ggctttcggg gagggcgcct 2820 

agLcccccca gctctaagca gccaggaggg acctgcatct aagcatctgg gtcgccatgg 2830 

caatggcatg ccccccagct actgtatgcc cccgaccccc gcagaggcag aacgaaccca 294 0 

40 tagggagctg atcgtaatgt ttatcatgtt acttccccac ccctacattt tttgaaataa 300C 

aataaggaat tttattctca cttcctgtgt ttcctgcacc ccaatgccag gccatggtat 306C 

tgggtgatag atgacgccct tctagctggg cctgggcacc aggaggggtc cccatgcttg 3120 

catctctctg tatcccctcc ctcccctgtg gccatcccac ccgcctctcc ctgctgcctc 318C 

tgaaattcat tctggggccc ggaacttgct ggaaatgacc caaaaacatt ggcccatctt 3240 

45 cctcctctca gcagccgacc ccagcccaat tctaaaacag ggctgagagc cacctctcag 3300 

cagctgaccc ctacccaagg agggtggcat ggaggggctt gcagagactc ttcctaacat 3360 

cctccccccc cagctgtctc cccaagtgca atctgccctc ccatccctgg gccagccagc 342C 

ttccacagag cgccaggcca aacagaattc ctggcCwCCt tggaaggggc tggagaaggc 3480 

cgggagcagt ggctcacgcc tgtaatccca gcactt-ggg aggctgaggc gggcagatca 354 0 

caaagtcaag agattgagac catcctggcc aacatggtga aaccccgtct ctactaaaaa 3600 

tacaaaaatt aggccgggtg cggtggctca cgcctgcaat cccagcactt tgggaggccg 3660 

aggcgggcag atcacgaggt caggagatca agaccatcct ggctaacacg gtgaaacccc 3720 

gtctctacta aaaatacaaa aaattagctg ggcgaggtgg cgggtgcctg tagtcccagc 3780 

tacgtgggag gctgaggcaa gagaatggng tgaaccccgg cggggcagag cctgcagaga 3840 

55 gctgagatca caccactgta ctccagcrrtg ggcgacagcg ayaclccgtc tcaaaaaaaa 3900 

aaaaaaaaaa aattagctgg gcatggtggt gcgtgcctgc agtcccagct actcaggagg 3960 

ctgagacggg agaatcgctt gaacctggga ggcagaggtt gcagtgagcc aagatcgctc 4020 

actccagcct agcgacagag tgagactcca tctcaaataa ataaataaac taattaatta 4080 
^ aattaaatt " ' " ' " 4 08 9 

60 
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<210> 3 
<211> 1757 
<212> DNA 

<213> Unknown Organism 
<220> 

<223> Description of Unknown Organism: 
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unknown 
<400> 3 

ggccgcggcg gcagggcggg gccggagcag cgggcggcgg cggaggcggc gcccgggagc 

gctcttcgct tccctcgggg tcttgctcgg acctcggcca ccgcctggga tccccaggac 

tcgtgcgtgc agcatgggcg gcgtcgggga gccgggaccg cgggaggcac ccgcgcagcc 

gggggcaccg ctgcccacct tctgctggga gcagatccgc gcgcacgacc agcccggcga 

caagtggctg gtcatcgagc gccgcgtcta cgacatcagc cgctgggcac agcggcaccc 

agggggcagc cgcctcatcg gccaccacgg cgctgaggac gccacggatg ccttccgtgc 

cttccatcaa gatctcaatt ttgtgcgcaa gttcctacag cccctgttga ttggagagct 

ggctccggaa gaacccagcc aggatggacc cctgaatgcg cagctggtcg aggacttccg 

agccctgcac caggcagccg aggacatgaa gctgtttgat gccagtccca ccttctttgc 

tttcctactg ggccacatcc tggccatgga ggtgctggcc tggctcctta tctacctcct 

gggtcctggc tgggtgccca gtgccctggc cgccttcatc ctggccatct ctcaggctca 

gtcctggtgt ctgcagcatg acctgggcca tgcctccatc ttcaagaagt cccggtggaa 

ccacgtggcc cagaagttcg tgatggggca gctaaagggc ttccccgccc actggtgqaa 

cttccgccac ttccagcacc acgccaagcc caacatcttc cacaaagacc cagacgtgac 

ggtggcgccc gtcttcctcc tgggggagtc atccgrcgag tatggcaaga agaaacgcag 

atacctaccc tacaaccagc agcacctgta cttcttcctg atcggcccgc cgctgctcac 

cctggtgaac tttgaagtgg aaaatctggc gtacatgctg gtgtgcatgc agtgggcgga 

tttgctctgg gccgccagct tctatgcccg cttcttctta tcctacctcc ccttctacgg 

cgtccctggg gtgctgctct tctttgttgc tgtcagggtc ctggaaagcc aciggtrcgt 

gtgcatcaca cagatgaacc acatccccaa ggagatcggc cacgagaagc accgggactg 

ggtcagctct cagctggcag ccacctgcaa cgtggagccc tcacttttca ccaactggtt 

cagcgggcac ctcaacttcc agatcgagca ccacctcttc cccaggatgc cgagacacaa 

ciacagccgg gtggccccgc tggtcaagtc gctgtgtgcc aagcacggcc tcagccacga 

agtcaagccc ttcctcaccg cgctggtgga catcgtcagg tccctgaaga ag-ctggtga 

catctggctg gacgcctacc tccatcagtg aaggcaacac ccaggcgggc agagaagggc 

tcacggcacc agcaaccaac ccagccccgg cgggatcgat acccccaccc czccactggc 

cagcccgggg gtgccctgcc tgccctcctg gtactgttgt cttcccctcg gccccc-cac 

atgzgtattc agcagcccta tggccttggc tctgggcctg atgggacagg ggtagaggga 

aggtgagcat agcacattt- cctagagcga gaattggggg aaagctgtta tztttatiatt 
aaaatacatt cagatgt 



60 

120 

180 

240 

300 

36C 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1757 
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<210> 4 
<211> 444 
<212> PRT 

<213> Unknown Organism 
<220> 

<223> Description of Unknown Organism: 



unknown 



55 



<400> 4 

Met Ala Pro Asp Pro Val Ala Ala Glu Thr Ala Ala Gin Gly Pro Thr 
15 10 15 



60 



Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gin Arg Ser Gly Cys Glu 
20 25 30 

Glu Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Ser Glu Phe 
35 40 45 
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Thr Arg Arg His Pro Gly Gly Ser Arg Val lie Ser His Tyr Ala Gly 
50 55 60 

Gin Asp Ala Thr Asp Pro Phe Val Ala Phe His He Asn Lys Gly Leu 
65 70 75 80 

Val Lys Lys Tyr Met Asn Ser Leu Leu He Gly Glu Leu Ser Pro Glu 
85 90 95 

Gin Pro Ser Phe Glu Pro Thr Lys Asn Lys Glu Leu Thr Asp Glu Phe 
100 105 110 

Arg Glu Leu Arg Ala Thr Val Glu Arg Met Gly Leu Met Lys Ala Asn 
115 " 120 125 

His Val Phe Phe Leu Leu Tyr Leu Leu His He Leu Leu Leu Asp Gly 
130 135 140 

Ala Ala Trp Leu Thr Leu Tru Val Phe Gly Thr Ser Phe Leu Pro Phe 
145 * 150 155 160 

Leu Leu Cys Ala Val Leu Leu Ser Ala Val Gin Ala Gin Ala Gly Trp 
165 170 175 

Leu Gin His Asp Phe Gly His Leu Ser Val Phe Ser Thr Ser Lys Trp 
180 185 190 

Asn His Leu Leu Mis His Phe Val He Gly His Leu Lys Gly Ala Pro 
195 200 205 

Ala Ser Trp Trp Asn His Met His Phe Gin His His Ala Lys Pro Asn 
210 * 215 220 

Cys Phe Arg Lys Asp Pro Asp He Asn Met His Pro Phe Phe Phe Ala 
225 ~ * " 230 235 240 

Leu Gly Lys He Leu Ser Val Glu Leu Gly Lys Gin Lys Lys Lys Tyr 
245 250 255 

Met Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu He Gly Pro Pro 
260 265 270 

Ala Leu Leu ?ro Leu Tyr Phe Gin Trp Tyr He Phe Tyr Phe Val He 
275 230 285 

Gin Arg Lys Lys Trp Val Asp Leu Ala Trp Met He Thr Phe Tyr Val 
290 295 300 

Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys Ala Phe Leu 
305 31C 315 320 

Gly Leu Phe Phe He Val Arg Pne Leu Glu Ser Asn Trp Phe Val Trp 
325 330 335 

Val Thr Gin Met Asn His He Pro Met His He Asp Kis Asp Arg Asn 
340 345 350 



Met Asp Trp Val Ser Thr Gin Leu Gin Ala Thr Cys Asn Val His Lys 
355 360 365 
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Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu 

370 375 3B0 

His His Leu Phe Pro Thr Met Pro Arg His Asn Tyr His Lys Val Ala 

385 390 395 * 400 

Pro Leu Val Gin Ser Leu Cys Ala Lys His Gly He Glu Tyr Gin Ser 

405 * " 410 ' 415 

Lys Pro Leu Leu Ser Ala Phe Ala Asp He lie His Ser Leu Lys Glu 

420 425 430 

Ser Gly Gin Leu Trp Leu Asp Ala Tyr Leu His Gin 

435 4 40 



<210> 5 
<211> 444 
<212> PRT 

<213> Unknown Organism 



<220> 

<223> Description of Unknown Organism: 



unknown 



<400> 5 

Met Gly Lys Gly Gly Asn Gin Gly Glu Gly Ala Ala Glu Arg Glu Val 
15 10 15 

Ser Val Pro Thr Phe Ser Trp Glu Glu He Gin Lys His Asn Leu Arg 
20 25 3C 

Thr Asp Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Thr Lys 
35 40 45 

Trp Ser He Gin His Pro Gly Gly Gin Arg Val He Gly His Tyr Ala 
50 55 60 

Gly Glu Asp Ala Thr Asp Ala Pne Arg Ala Phe His Pro Asp Leu Glu 
65 70 75 80 

Phe Val Gly Lys Phe Leu Lys Fro Leu Leu lie Gly Glu Leu Ala Pro 
85 90 95 

Glu Glu Pro Ser Gin Asp His Gly Lys Asn Ser Lys He Thr Glu Asp 
100 105 110 



Phe Arg Ala Leu Arg Lys Thr Ala Glu Asp Met Asn Leu Phe Lys Thi 
115 120 125 



Asn His Val Phe Phe Leu Leu Leu Leu Ala His lie lie Ala Leu Glu 
130 135 140 

Ser He Ala Trp Phe Thr Val Phe Tyr Phe Gly Asn Gly Trp He Pro 
145 150 155 * 160 

Thr Leu He Thr Ala Phe Val Leu Ala Thr Ser Gin Ala Gin Ala Gly 
165 170 175 

Trp Leu Gin His Asp Tyr Gly His Leu Ser Val Tyr Arg Lys Pro Lys 
180 185 190 
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Trp Asn His Leu Val His Lys Fhe Val He Gly His Leu Lys Gly Ala 
195 200 205 

Ser Ala Asn Trp Trp Asn His Arg His Phe Gin His His Ala Lys Pro 
5 210 ^ 215 220 

Asn He Phe His Lys Asp Pro Asp Val Asn Met Leu His Val Phe Val 
225 230 235 240 

10 Leu Gly Glu Trp Gin Pro He Glu Tyr Gly Lys Lys Lys Leu Lys Tyr 
245 250 255 

Leu Pro Tyr Asn His Gin His Glu Tyr Phe Phe Leu He Giy Pro Pro 
260 265 270 

15 

Leu Leu He Pro Met Tyr Phe Gin Tyr Gin He He Met Thr Met He 
275 " 280 285 

Val His Lys Asn Trp Val Asp Leu Ala Trp Ala Val Ser Tyr Tyr He 
20 290 295 300 

Arg Phe Phe He Thr Tyr He Pro Phe Tyr Gly He Leu Gly Ala Leu 
305 310 315 320 

25 Leu Phe Leu Asn Phe He Arg Phe Leu Glu Ser His Trp Phe Val Trp 
325 330 335 

Val Thr Gin Met Asn His He Val Met Glu He Asp Gin Glu Ala Tyr 
340 345 350 

30 

Arg Asp Trp Phe Ser Ser Gin Leu Thr Ala Thr Cys Asn Val Glu Gin 
355 360 365 

Ser Phe Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu 
35 370 375 380 

His His Leu Phe Pro Thr Met Pro Arg His Asn Leu His Lys He Ala 
385 390 395 40C 

40 Pro Leu val Lys Ser Leu Cys Ala Lys His Gly lie Glu Tyr Gin Glu 

405 410 415 

Lys Pro Leu Leu Arg Ala Leu Leu Asp He He Arg Ser Leu Lys Lys 
420 425 430 

45 

Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His Lys 
435 440 

50 <210> 6 

<211> 445 
<212> PRT 

<213> Unknown Organism 

55 <220> 

<223> Description of Unknown Organism: 

unknown 

60 <400> 6 

Met Gly Gly Val Gly Glu Pro Gly Pro Arg Glu Gly Pro Ala Gin Pro 
1 ~ 5 10 15 
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Gly Ala Pro Leu Pro Thr Phe Cys Trp Glu Gin lie Arg Ala His Asp 
20 25 30 

Gin Pro Gly Asp Lys Trp Leu Val He Glu Arg Arg Val Tyr Asp He 
35 40 45 



10 



Ser Arg Trp Ala Gin Arg His Pro Gly Gly Ser Arg Leu He Gly His 

50 55 60 

His Gly Ala Glu Asp Ala Thr Asp Ala Phe Arg Ala Phe His Gin Asp 

65 70 75 80 



15 



Leu Asn Phe Val Arg Lys Phe Leu Gin Pro Leu Leu He Gly Glu Leu 

85 90 95 

Ala Pro Glu Glu Pro Ser Gin Asd Gly Pro Leu Asn Ala Gin Leu Val 

100 * 105 110 



20 



25 



Glu Asp Phe Arg Ala Leu His Gin Ala Ala Glu Asp Met Lys Leu Phe 
115 120 125 

Asp Ala Ser Pro Thr Phe Phe Ala Phe Leu Leu Gly His He Leu Ala 
130 135 140 

Met Glu Val Leu Ala Trp Leu Leu He Tyr Leu Leu Gly Pro Gly Trp 

145 150 155 160 



30 



Val Pro Ser Ala Leu Ala Ala Phe He Leu Ala He Ser Gin Ala Gin 
165 170 175 

Ser Trp Cys Leu Gin His Asp Leu Gly His Ala Ser He Phe Lys Lys 
180 185 190 



35 



Ser Trp Trp Asn His Val Ala Gin Lys Phe Val Met Gly Gin Leu Lys 
195 200 205 



40 



Gly Phe Ser Ala His Trp Trp Asn Phe Arg His Phe Gin His His Ala 

210 215 220 

Lys Pro Asn He Phe His Lys Asp Pro Asp Val Thr Val Ala Pro Val 

225 230 235 240 



45 



Phe Leu Leu Gly Glu Ser Ser Val Glu Tyr Gly Lys Lys Lys Arg Arg 
245 250 255 

Tyr Leu Pro Tyr Asn Gin Gin His Leu Tyr Phe Phe Leu He Gly Pro 
260 265 270 



50 



Pro Leu Leu Thr Leu Val Asn Phe Glu Val Glu Asn Leu Ala Tyr Met 
275 280 285 



55 



Leu Val Cys Met Gin Trp Ala Asp Leu Leu Trp Ala Ala Ser Phe Tyr 

290 " 295 300 

Ala Arg Phe Phe Leu Ser Tyr Leu Pre Phe Tyr Gly Val Pro Gly Val 

305 310 315 320 



60 



Leu Leu Phe Phe Val Ala Val Arg Val Leu Glu Ser His Trp Phe Val 

325 330 335 

Trp He Thr Gin Met Asn His He Pro Lys Glu He Gly His Glu Lys 

340 345 350 
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His Arg Asp Trp Val Ser Ser Gin Leu Ala Ala Thr Cys Asn Val Glu 
355 360 365 

5 pro Ser Leu Phe Thr Asn Trp Phe Ser Gly His Leu Asn Phe Gin lie 
370 375 380 

Glu His His Leu Phe Pro Arg Met Pro Arg His Asn Tyr Ser Arg Val 
385 390 395 400 

10 

Ala Pro Leu Val Lys Ser Leu Cys Ala Lys His Gly Leu Ser Tyr Glu 
405 410 415 

Val Lys Pro Phe Leu Thr Ala Leu Val Asp He Val Arg Ser Leu Lys 
15 420 425 430 



Lys Ser Gly Asp He Trp Leu Asp Ala Tyr Leu His Gin 
435 440 445 



20 



<210> 7 
<211> 18 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical Sequence: 
Primer 

30 

<400> 7 

cgcctgacag cccctgct 

<210> 8 
^° <211> 20 
<212> DNA 

<213> Artifical Sequence 
<220> 

40 <223> Description of Artifical Sequence: 
Primer 
<400> 8 

45 caggtggcca atcacaaaat 20 

<210> 9 

<2H> 22 

<212> DNA 

^0 <213> Artifical Sequence 

<220> 

<223> Description of Artifical Sequence: 



55 



Primer 



<400> 9 

ctcaaagtgg aaccatctgc ta 



22 



wo 00/53770 



<210> 10 
<211> 20 . 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical Sequence 



10 



15 



Primer 
<400> 10 

ggaaacccag tccatgttcc 

<210> 11 
<211> 21 
<212> DNA 

<213> Artifical Sequence 



<220> 

20 <223> Description of Artifical Sequence 
Primer 



25 



30 



<400> 11 

cctgggcctt ttcttcatag t 

<210> 12 
<211> 19 
<212> DNA 

<213> Artifical Sequence 



35 



<220> 

<223> Description of Artifical Sequence 
Primer 



<400> 12 

ctcaagctcc cctctgcct 

40 <210> 13 
<211> 19 
<212> DNA 

<213> Artifical Sequence 
45 <220> 

<223> Description of Artifical Sequence 

Primer 

50 <400> 13 

tcagaagcat aacctgcgc 



<210> 14 
<211> 20 . 
<212> DNA 

<213> Artifical Sequence 



<220> 

<223> Description of Artifical Sequence 

60 

Primer 
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<400> 14 

ccagttcacc aatcagcagg 20 

<210> 15 
<211> 20 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical Sequence: 

Primer 
<400> 15 

cccctgctga t-ggtgaact 20 

<210> 16 
<211> 20 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical Sequence: 

Primer 
<400> 16 

tgtagggcag gtatttcagc 20 

<210> 17 
<211> 19 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical Sequence: 

Primer 
<400> 17 

agcccatcga gtacggcaa 19 

<210> 18 
<211> 20 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical Sequence: 

Primer 
<400> 18 

cctcaqaaca aaagescate 2 ^ 

<210> 19 

<211> 18 

<212> DNA 

<213> Artifical Sequence 
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<220> 

<223> Description of Artifical Sequence: 



Primer 



<400> 19 

tcttgctcgg acctcggc 



18 



<210> 20 
<211> 20 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical Sequence: 

Primer 
<400> 20 

gtgatccaca cgaaccagtg 20 



<210> 21 
<211> 19 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical Sequence: 



<210> 22 
<211> 20 
<212> DNA 

<213> Artifical Sequence 
<220> 

<223> Description of Artifical: 
Primer 



Primer 



<400> 21 

gaagaaccca gccaggatg 



19 



<400> 22 

acagctttcc cccaattctc 



20 
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Claims 14 and 15 were only interpreted and searched with reference to the 
use of the present molecules and vectors in these assays. 
Claim 16 could not be searched completely due to the lack of 
characterization of the claimed subject matter. 
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claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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1. Claims: 1-18 partially 

An isolated polynucleotide selected from the group 
consisting of 

polynucleotides having at least 65%, preferably 8G% homology 
with a polynucleotide encoding a polypeptide of SEQ ID N0:4, 
comprising variants, under stringent conditions hybridizing 
molecules, complementary molecules, and oligonucleotides 
comprising at least 15 consecutive nucleotides of said 
sequence, preferably the polynucleotide of SEQ ID N0:1. 
Vectors, host cells, and transgenic organisms comprising 
said sequences. 

A polypeptide comprising a sequence having at least 65%, 
more preferably 85% homology to SEQ ID N0:4, variants 
thereof, and a peptide comprising at least 15 consecutive 
amino acids thereof. A process for producing said 
polypeptide using said host cells and DMA sequences. 
Antibodies against said polypeptides, and their use in 
diagnosis and therapy. 

An oligonucleotide primer having a sequence selected from 
the group of nucleotide sequences of SEQ ID NOs:7-12. 
A method of screening for modulators in known assays using 
constructs or of screening for interacting proteins or 
factors using state of the art technologies, as well as a 
method of screening chemical libraries comprising 
transformed cell lines, both methods enploying the said 
sequences, vectors, or host cells. 

A compound which alters or reacts with at least one epitope 
of the proteins and which is obtained by said methods. 
Pharmaceutical compositions comprising as an effective 
conponent an effective amount of said peptides. 



2. Claims: 1-18 partially 

idem for SEQ ID N0s:2,5,13-18 



3. Claims: 1-18 partially 

idem for SEQ ID N0s:3,6,19-22 
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